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Assay of Frozen Mouse Mammary Carcinoma for the 


Mammary Tumor Milk Agent” 


JoHN J. Brrrner, Pu.D., AND Davin I. IMacawa, PuH.D. 


(From the Division of Cancer Biology, Department of Physiology, and Department of Bacteriology and Immunology, 
University of Minnesota Medical School, Minneapolis 14, Minn.) 


In a series of publications during the past year 
Gye and his associates (28, 29, 33-35) interpreted 
their data to imply that when various types of 
cancers from mice were maintained at —79° C., 
the malignant cells “‘are readily killed by extreme 
cold, but the dead malignant cells are nevertheless 
capable of starting a new, strictly new, tumour in 
virtue of the intrinsic virus which they contain” 
(28). It was suggested that the active form of the 
virus, changed from a latent form because of 
freezing, was capable of altering the connective 
tissue of the injected host to sarcoma or the normal 
mammary gland to mammary carcinoma, depend- 
ing upon the type of cancer being tested. Normal 
and frozen embryonic tissue served as controls for 
the cancer studies (Mann, 32). 

Active dried tissue was obtained by Gye (28) 
from fresh sporadic tumors which had developed 
spontaneously in mice of the R3 and C3H stocks. 
However, positive results with dried tumors were 
secured only when the tissue was minced (14) and 
dried in a Craigie desiccator (15). When the tissues 
were subjected to the Knox method of drying, only 
negative results were obtained (29). 

Gye (28) postulated that the negative results 
obtained by other investigators were due to im- 
perfect technic and stated that their experimental 
data indicated ‘“‘that cancer has a continuing 


* Assisted by grants from the National Cancer Institute of 
the National Institute of Health, Public Health Service, the 
American Cancer Society upon recommendation of the Com- 
mittee on Growth of the National Research Council, and the 
Graduate School Cancer Research Fund of the University of 
Minnesota. 


_ Received for publication August 2, 1950. 


cause and that this, in mammals as in birds, 1s a 
virus.” 

Mann (33-35) injected frozen spontaneous and 
transplanted mammary cancers and explained the 
development of tumors on the basis that the mam- 
mary tumor milk agent-virus was liberated in its 
active form following freezing, since mammary tu- 
mors arose at the site of injection of the suspended 
frozen tumor-mince. The tumors developed as 
readily in males as in female mice, but only when 
the frozen tissue was injected into the mammary 
gland region, because of what the author called 
“selective infectivity.”’ She found that, within 
limits, the longer the tissue was frozen, the more 
tumors developed, and the interval between injec- 
tion and the appearance of the tumors was related 
to their rate of growth. Fast growing cancers pro- 
duced growths within 10 days, while slow growing 
ones might be delayed for 7-12 weeks following the 
inoculation of their frozen suspensions. Mann (35) 
also demonstrated that mammary tumors could be 
produced by the injection of tumors which had 
been frozen and dried in vacuo (15), provided no 
thawing occurred before the material was dry. 

Gye, Begg, Mann, and Craigie (29) reported 
that some tumors could withstand a succession of 
freezing and thawing, which they claimed com- 
pletely excluded the persistence of tumor cells, but 
Mann (34) observed a progessive deterioration of 
activity of mammary tumors after a second thaw- 
ing. Individual tumors differed, but in no instance 
did a tumor inactive after a second thawing pro- 
duce tumors after a third. 

The exact age of the animals at the time of injec- 
tion was not stated except that ““Although all came 
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from high cancer lines, they were used before they 
were old enough to develop sporadic tumours, and 
in all cases the tumours obtained were at the site 
of inoculation” (33). The tumor suspension was 
‘inoculated in the right mammary region of mice 
of the same strain as the tumours” (33). 

The studies to be reported here are concerned 
with the propagation of mammary tumors follow- 
ing the injection of suspensions of frozen mam- 
mary carcinoma and the comparative activity of 
transplanted fresh tissue of the same tumors. As- 
says were made of the fresh and frozen mammary 
tumors for the mammary tumor milk agent-virus 
by the injection of cell-free extracts using different 
routes of administration. A tumor that resulted 
after the inoculation of a frozen suspension of tu- 
mor-mince was also tested for the agent. 


MATERIALS AND METHODS 


Mice of several inbred stocks and one group of 
F, hybrids were used in the various experiments. 
All the animals were susceptible for the develop- 
ment of spontaneous mammary cancer, and all 
possessed the mammary tumor milk agent except 
the fostered lines of the Z (C3H) and A strains and 
their hybrids. These are referred to as the Zb and 
Ax lines; their reciprocal hybrids as either ZbAxF; 
(Zb2 X Axo’) or AxZbF,; (Ax? X Zbo). 

The spontaneous mammary tumor No. 8415A 
arose in an AZF, breeder produced by mating an 
A female with a Z male. This particular tumor was 
transplanted by the trocar method in F, hybrids 
without the milk agent. In eight passages, a total 
of 65 mice were inoculated, and the grafts grew 
progressively in all. During the first three passages 
the tumor was transferred every 4 weeks; after 
that, because of the increased growth of the trans- 
plants, inoculation was made approximately every 
2 weeks. Within 6 days some growths attained a 
size of 0.75 cm. in diameter. 

One of the tumors which arose, following the in- 
jection of the frozen tumor-mince of AZF, No. 
8415A, was continued as AZF, No. 8415B. This 
tumor was maintained for three passages in either 
AxZbF, or ZbAxF, hybrids, and none of the 23 
mice which were inoculated was resistant to the 
grafts. 

A mammary tumor from a breeding Z (C3H) fe- 
male was designated as tumor No. 8044 and was 
transplanted in F; hybrids made by reciprocal 
matings of A and Z mice without the milk agent. 
This transplant has been continued for 40 pas- 
sages, and 238 mice have been inoculated. All have 
shown progressively growing tumors, and the mice 
usually succumb within 3-4 weeks after they have 


ee 


been inoculated. The tumors may attain the size of 
1 cm. in diameter within 1 week. 

The frozen suspensions of tumor tissue were pre- 
pared according to the technic outlined by Craigie 
(16). The tumors were removed and minced in a 





Fic. 1.—Tissue press used for the preparation of the tumor- 
mice. The cylinder of the press may be made to any desired 
length; the one illustrated is 1.75 inches in length, outside 
diameter, 1.13 inches, and the diameter of the tube, 0.75 
inches. It is made of chromium-plated brass; another in use 
was made of stainless steel and has a cylinder of 2.75 inches 
(approximate capacity, 10 gm.). The pressure screw, with 
plunger attached, operates through the top plate of the press 
which screws onto the cylinder. The plunger is 0.749 inches, 
which gives a minimum clearance in the tube. The outer edge 
of the screen is 0.7 inches, and a ““hump”’ of 0.04 in the center 
fits tightly into the tube of the cylinder. The openings in one 
screen are 0.0410, in the other 0.0175 inches. The base plate 
holds the screen in place. 

The tissue may be inserted from either the top or the 
bottom of the cylinder by the removal of the respective end 
plate from the cylinder. 


tissue press through a screen with holes 0.0410 
inches in diameter (Fig. 1). A screen with openings 
0.0175 inches in diameter was substituted for the 
first screen on the cylinder, and the tissue was 
forced through the press a second time. Most of 
the connective tissue had been removed in the for- 
mer mincing. This press, with the exception of the 
screen with the smaller openings, has been 1n use 
for at least 10 years. Equal volume of 5.3 per cent 
dextrose was added to the tumor-mince, and the 
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suspeiision was stored in glass ampoules, 2 cc. per 
vial, which were sealed. The ampoules were frozen 
in cellosolve and dry ice and stored in a thermos 
jug with dry ice at a constant temperature of 
WD C. 

For testing the ability of the frozen tumor- 
mince to produce tumors, the ampoules were trans- 
ferred to a water bath kept at 37° C. until the tis- 
sue had thawed. Six ce. of saline was added to the 
contents of each tube, and the suspension was in- 
jected so that each animal received an amount 
equal to 0.05 gm. of the original tumor-mince. The 
site of injection is given for each experiment. 

In addition to testing the frozen tumor-mince, 
cell-free extracts were also employed. Details will 


The thawed mince of tumor No. 8415A from four 
vials was pooled, 24 cc. of saline was added, and 
the suspension was centrifuged for 20 minutes at 
approximately 2,500 r.p.m. The supernatant was 
removed and recentrifuged for the same time. The 
final supernatant was injected subcutaneously 
near the left axillary region of the mice listed in 
Table 1 and referred to above. All animals, regard- 
less of stock, failed to show tumors at the site of in- 
jection during the period they were under obser- 
vation (1/6/50—2/23/50). 

On February 23 (48 days after the injection of 
either the thawed tumor-mince or the centrifugate 
supernatant), some of the mice in which no tumors 
developed (Z, Ax, and F;) were inoculated simul- 


TABLE 1 


DEVELOPMENT OF MAMMARY TUMORS AT THE SITE OF INJECTION OF THE SUSPENSION OF 
FROZEN TUMOR-MINCE OF AZF, TUMOR NO 8415A* 


AGE WHEN No. 

STOCK INJECTED INOC. SEX 
Z (C3H) 3 mo. 7 2 
Z (C3H) ‘ 2 S 
Zb 18 mo. 4 2 
A 2 mo. 2 ? 
A 6 ot 
Ax 1 mo. 7 2 
Ax ” 6 ‘et 
ZbAxF;, 5 wk. 7 9 
ZbAxF; ” 6 rot 


* Frozen 1/4/50, injected 1/6/50. 


INoc. FROZEN TUMOR, 


1/6/50 
Tumor Supernatant INOCULATION OF 
susp. tumor susp. FRESH TUMOR 
AZF, AZF) GRAFTs 2/23/50 
8415A 8415A No. 8415A 8415B 
tumors tumors INOC. tumors tumors 
0 0 7 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 7 0 0 
0 0 Q 
St 0 4 4 4 
Qt 0 4 4 4 


t Tumors which developed were assayed for the milk agent 2/9/50 (Table 4). 


{ One tumor was inoculated as AZF; 8415B. Some mice which were negative to the injection of the frozen material were inocu- 
lated on 2/23/50 with fresh tissue grafts of tumors 8415A and 8415B. 


be given for the various studies. Other observa- 
tions were made on assays of nonfrozen trans- 
plants of the same tumors for the milk agent. 


EXPERIMENTAL RESULTS 

Following the first passage of the AZF; tumor 
No. 8415A in F, hybrids without the milk agent, 
the transplants from several animals were frozen 
on 1/4/50 and maintained at — 79° C. for 48 hours. 
Following thawing, each mouse was injected with 
0.05 gm. of the original tumor tissue subcutane- 
ously in the right axillary region. With the excep- 
tion of four Zb females which were 18 months of 
age, all the test animals were from 5 weeks to 3 
months of age at the time of injection. 

All mice, twenty females and fourteen males, 
of the A and Z (C3H) stocks failed to develop tu- 
mors, but tumors appeared in three of the seven 
females and two of six males of the ZbAxF, hy- 
brids (Table 1). One of the tumors from a male was 
continued as No. 8415B. 


taneously with grafts of tumor No. 8415A (right) 
and tumor No. 8415B (left). Both tumors grew 
progressively in the ZbAxF; mice that had been 
resistant to the previous injections, and the ani- 
mals were killed on 3/15/50 with large transplant- 
ed tumors. Mice of the A and Z stocks were all re- 
sistant to the grafts from the AZF, tumors 
(Table 1). 

The AZF, tumor No. 8415A was inoculated on 
12/7/49 in F, hybrids (mice without the milk 
agent). The first passage transplants were tested 
on 1/6/50 for the mammary tumor milk agent by 
our usual technic (see 11). The tumors were 
minced with the tissue press, ground with sand, 
and extracted with distilled water (1:10 by 
weight). The suspension was centrifuged for 10 
minutes, and the supernatant was recentrifuged 
for the same period (clinical centrifuge). The sec- 
ond supernatant was further diluted, based upon 
the weight of the wet pressed tissue, and injected 
either subcutaneously or intraperitoneally into 21— 
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25-day-old ZBC females. These are susceptible 
animals which do not possess the milk agent: the 
incidence of tumors in controls is less than 2 per 
cent (see 11). No mammary tumors have devel- 
oped in any of the injected mice after 185 days 
(Table 2). 

The frozen tumor-mince of the AZF, tumor No. 
S415A, frozen on 1 4°50, was assayed on 1 11/50 


ren ‘ 
rABLE 2 
s 4 4 ~ 


ASSAY OF THE FIRST PASSAGE ‘TRANSPLANTS 
(FRESH TISSUE) OF THE AZF, TUMOR No. 
S415A FOR THE MAMMARY TUMOR MILK 
AGENT* 

Gn. SUBCUTANEOUS INTRAPERITONEAL 

RQUIV. INJECTION INJECTION 

INJECTED No. Tumors No Tumors 

2K 10-2 33 0 Q2 0 

1073 $5 0) 45 0 


* Data tabulated after 185 days. 


TABLE 8 
ASSAY OF THE FROZEN FIRST PASSAGE TRANS- 
PLANTS OF THE AZF, TUMOR NO. S415A FOR 
THE MAMMARY TUMOR MILK AGENT* 


GM. SUBCUTANEOUS INTRAPERITONEAL 

EQUIV. INJECTION INJECTION 
INJECTED No. Tumors No. Tumors 
2K 10 2 8338 Q) 85 ~ 
1073 $8 () $4 () 


* Tissue frozen 1/4/50: tested 1/11/50. Data tabulated 


after 180 days. 


TABLE 4 
ASSAY OF TUMOR FOR THE MILK AGENT 


SUBCUTANEOUS INTR APERITONEAL 


GM. EQUIV. INJECTION INJECTION 
INJECTED No. Tumors No. Tumors 
Section A 
2K 107° 33 0 28 0 
1073 28 0) $0 2 
Section B 
2X 10™ 16 0 53 0 
1073 50 0 $2 0 


Section A; Assay of tumor for the milk agent which developed 
following the injection of the frozen tissue of the 
AZFi tumor 8415A. Frozen tissue injected 1/6/50, 
tumors tested 2/9/50. The data were tabulated 161 
days later, first tumor after 138 days. 


Section B: Assay for the agent in the third passage transplants 


of tumor 8514B. Data recorded after 76 days. 


for the so-called “active” (Mann, 32) milk agent. 
The second supernatant was injected subcutane- 
ously into 66 and intraperitoneally into 69 young 
ZBC females (Table 3). To date, after 180 days, 
two tumors have developed in the animals follow- 
ing the intraperitoneal administration of the ex- 
tract. 

Two tumors which developed following the sub- 
cutaneous injection on 1/6/50 of the frozen tumor- 
mince of the AZF; tumor No. 8415A were tested 
on 2/9/50 for the milk agent by using the fresh 


Research 


tissue. ‘Two fractions of the second supernatant 
were used by different routes of administration, 
One animal that received the material intraperi- 
toneally developed a tumor after 188 days (‘Table 
bk, Section A), and another in the same series had 
i mammary tumor ata later age. 

The AZF, tumor 8415B, derived from the frozen 
lissue of No. 84#15A, was carried for three passages 
and assayed for the milk agent (‘Table 4, Section 
13). All the test animals have remained free of tu- 
mors for 66 days. 

The Z (C3HD tumor No. 8044 has been found to 
possess the mammary tumor milk agent after it 
has been transplanted for 80° passages in either 
ZbAxF, or AxZbF, hybrids— mice which them- 
selves did not carry the agent. These data are tab- 
ulated in Table 5. Only preliminary observations 
may be given for many of the groups. The earliest 
tumor appeared ina test animal (ZBC) which was 
154 days of age, and the average cancer ages for 
completed groups ranged from 811 to 3864 days of 
age. 

Transplants of the 
No. 8044 were minced and frozen in dextrose on 
23,50. The Ussue was maintained at) —79°C. 
until 2/20/50, when the contents of several am- 
poules were tested by injecting mice subcutane- 
ously with 0.05 gm. of the original material. 

Some animals of the Z and Zb lines and the 
AxZbF, hybrids developed tumors at the site of 
injection, while all mice of the A and D stocks re- 
mained free of tumor (‘Table 6). 

Other vials of tumor No. 8044, frozen on 2.3, 50, 
were used on 3/31/50. In this study, mice of the 
ZbAXF, generation, when approximately 8 weeks 
of age, received both subcutaneous and_ intra- 
peritoneal injections of 0.05 gm. of the original 
tumor-minece. As seen from the data (Table 7), 
there was no significant variation in the number of 
tumors to be observed at the two sites of inocula- 
tion. One male with a large subcutaneous tumor 
could not undergo autopsy to determine if it might 
also have an internal tumor. 

Weights were taken of twelve of the subcutane- 
ous and all the intraperitoneal tumors. Although 
the subcutaneous tumors were much more hemor- 
rhagic than the abdominal growths, the fluid was 
extruded before the tumors were weighed. The tu- 
mors from the subcutaneous area varied between 
0.9 and 3.6 gm.—average, 2.0 gm.; the range for 
the internal tumors was 0.15-3.3 gm.—average, 1.9 
gm. ‘T'wo animals had several internal masses. 


ape 


33d passage of the Z tumor 


DISCUSSION 
At least three causative factors have been found 
to play a role in the genesis of spontaneous mam- 
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mary cancer in mice (5; see 8, 37, 9 10 for litera- — witha male of the cancerous Z or C3TL strain. This 
: ’ Y . ’ ~ r) . ‘ 
. ture). One of these, the mammary tumor milk was tumor No. 84#15A from an AZF, female. The 


agent (#), has the characteristics of an infectious — tumor was transplanted into Fy hybrids whieh do 
agentoor virus and will remain active following not possess the milk agent. Tumors of this trans- 


TABLE 5 


ASSAY OF THE SPONTANEOUS Z (CSED MAMMARY ‘TUMOR NO. 8044 AND TRANS 
PLANTS OF THE TUMOR, CARRIED IN MICE WITHOUT THLE MILK AGENT, 
FOR THE MAMMARY ‘TUMOR MILK AGENT 


Tumor DATE OF (aM. mQUIV, Aan Isr AV. AGE IN DAYS 
PASSAGE INJECTION INJECTED TUMOMN No, Pim CEN Cancer Nonecn. 

Spontaneous 1/17/48 1? 168 $7 76 $28 168 
tumor Od 15+ $5 70 Sil 524 
Ist 2/17/48 1? 154 0) 69 520 $52 
wna 14 14 7\ V5 $54 145 
3/8/48 15 QA 17 AS 364 LHS 
7th 7/22/49 2X10 248 3S 79 $52 116 
Os 256 bs 56 $65 £55 

sth 1/18/49 1? 287 Q4 ah” 

104 QS YY qy* 

1005 S18 QY 5" 

20th 5/26/49 1? 225 $5 60" 

14 185 39 3" 

15 166 » * 

1° Q4D 35 3 

24th 8/4/49 oO! 22 | Qh 52* 

1? 187 (52 15” 

1-3 204 54 24% 

10-4 Is] 32 3% 

15 210 29) 10* 

$0th 12/1/49 1? 167 5O 10* 

1Qn4 172 56 | 

105 60 a 

O° 55 ()* 


*Preliminary data, tabulated 221 days after injection of last series. 


filtration (7, 1), lyophilization (6), and desiccation TABLE 6 
(8, 19 99) eCVen after sto “ave fo "as long as 2 Vealrs TUMORS FOLLOWING THE SUBCUTANEOUS 
(Dmochowski, as reported by Gye |26|). When ad- INJECTION OF THE FROZEN TUMOR- 
ministered subcutaneously in cell-free extracts, MINCE OF Z (C3H) TUMOR, NO. 8044, 
mammary tumors developing at the site of injec- 33D PASSAGE” 
tion are no more common than in other regions of Age when 
the mammary system, and the time of appearance Stock No. Sex pent on 
has not been accelerated when compared with in- 7 (C3H) 6 9 5—t 5 
traperitoneal administration of the material. In ° S 6 o 
general, mice of strains with a high incidence of - 7 a r ; 
spontaneous mammary tumors show an earlier AxZbF; 5 Q 5-6 
average cancer age than do mice in the injection I) a } : ; 
experiments. A - 0 6 0) 
Our interest in the problem of freezing mam- 2 J 6 0 
mary cancer was stimulated by the reports of * Tumor frozen 2/3/50, inoculated 2/20/50. 


Mann (33-35) that an “active” milk agent virus 
might be liberated from the frozen mammary tu- 
mor cells which would be capable of producing THE DEVELOPMENT OF TUMORS FOLLOWING THE IN- 
JECTION OF THE FROZEN TUMOR-MINCE OF 

Z TUMOR, NO. 8044” 


TABLE 7 


mammary cancer in a matter of days, instead of 
months, following its injection. 


To test the ability of a frozen suspension of a SuncutaNgous = INTRAPERITONEAL 
. Tumors Av. wt. Pumors Av. wt. 
mammary tumor-mince to produce cancer follow- Stina No. Sex named ee 
ing subcutaneous injection, we selected for the first ZbAxF, iso 14 20 1] 15 
series of studies a spontaneous mammary carci- ZbAxF; a. 0 2 2.5 
ZbAxF; 21 lotal 14 2 0 13 1.7 


noma which had developed in a hybrid female de- an | | 
at ° *Each animal received injections in subcutaneous and intraperitoneal] 
rly ed by crossing a female of the cancerous A stock sites. The mice were 8 weeks of age when they were inoculated. 
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plant generation were frozen to —79° C. with the 
technic outlined above (16). 

When a suspension of the frozen AZF, tumor 
Was Injected subcutaneously into males and fe- 
males of the A and Z stocks and their F; hybrids, 
tumors appeared at the site of injection in some 
animals of the F; generation, but all mice of the A 
and Z parental strains remained free of tumor. 
One tumor which arose in a male F, hybrid was 
transplanted as tumor No. 8415B. A cell-free ex- 
tract of the frozen tissue failed to produce tumors 
in any mouse. 

Many of the animals which had been resistant 
to the subcutaneous injection of the frozen mate- 
rial of tumor No. 8415A were reinoculated simul- 
taneously with grafts of fresh tissue of tumors Nos. 
S8415A and 8415B. All the F; mice which had 
shown a negative reaction to the previous injec- 
tion of the frozen tissue showed progressive growth 
of the grafts of both tumors and were dead, with 
large tumors, within a few weeks. Again, mice of 
the A and Z stocks were resistant. 

In. selecting a mammary tumor which had de- 
veloped in a hybrid mouse, we knew from previous 
studies (2, 3) that such a tumor would grow pro- 
gressively, when grafts of fresh tissue were trans- 
planted subcutaneously, in mice of the F; genera- 
tion, whereas few, if any, of the animals of the 
parental strains would be susceptible to the trans- 
plants. The earlier experiments (2, 3) showed that 
the genes for susceptibility to a transplantable 
mammary tumor from a hybrid, as the AZF,, 
would be transmitted by each parent of the A and 
Z strains. The mice of the parental strains would 
all be resistant to grafts of the F; tumor, since the 
mice of one strain would not possess the genes nec- 
essary for susceptibility that were transferred by 
the parent of the other stock to the F; progeny. 

The results following the subcutaneous injection 
of the frozen suspension of the AZF, tumor were 
similar to the observations reported by Mann (33) 
for “‘mice of the same strain as the tumours,”’ but 
mice of the parental strains were all resistant. All 
mice of the F; generation and the A and Z inbred 
strains remained free of tumors when a cell-free 
extract was injected instead of a suspension of tu- 
mor-mince. This demonstrated the importance of 
the suspended tumor-mince in the development of 
these tumors. 

One tumor which arose following the injection 
of the frozen mince was continued by transplanta- 
tion. Grafts of this tumor produced transplanted 
tumors in animals of the F; generation but not in 
A and Z animals; thus, its characteristics were 
similar to the original tumor from which it arose. 
Both tumors grew when transplanted into mice of 





the F, generation which were negative following 
the injection of the frozen material. 

In addition to corroborating the studies of 
Mann, our data also supported the genetic theory 
of transplantation advanced by Little and Strong 
(31), in 1924, and suggested the probability that 
some tumor cells had survived the low tempera- 
ture to which they had been subjected. That is, 
only animals of the same genetic constitution as 
the mouse which gave rise to the original spon- 
taneous mammary tumor developed mammary tu- 
mors following the injection of a frozen tumor- 
mince; all mice, regardless of their genetic make- 
up, remained free of tumors when a cell-free ex- 
tract was tested, although this extract would be ex- 
pected to possess the mammary tumor milk agent 
(see 11). As with the usual transplantable mam- 
mary tumors, tumors appeared in some mice of 
the F; generation which were free of the milk agent 
(10), but the presence or absence of the agent in 
the A and Z mice was of no significance. 

Histologic examination of the frozen tumor- 
mince was not made, since it was doubtful if such 
observations would have contributed anything to 
what Craigie (17) concluded when he stated: “I, 
for one, when examining unfixed and unstained 
tumour cells under the phase microscope am often 
uncertain whether they are dead or alive.” In a re- 
cent presentation of their data, Blumenthal, 
Walsh, and Greiff (12, 13) had made preparations 
of their frozen tissues, both normal and cancerous, 
and concluded that some cells appeared to have 
survived. 

The mammary tumor milk agent may be trans- 
ferred by the injection of cell-free extracts, as men- 
tioned above. Although the agent from one strain 
of cancerous animals may have a different activity 
in mice of another genetic susceptibility for spon- 
taneous mammary cancer, no data have been pub- 
lished which would suggest that the agent from 
any cancerous strain would not produce some tu- 
mors, with the other causative factors also active, 
in other strains. This fact has been acknowledged 
by Gye (25), who, in discussing the work of 
Dmochowski on the recovery of the milk agent 
from dried cancer tissue, wrote: ‘Thus it can be 
concluded that the milk factor derived from any 
high cancer strain of mice can induce breast cancer 
in susceptible strains of mice, although their ge- 
netic constitution differs from that of the strain 
from which the milk factor originated.” Thus, if 
freezing mammary tumors liberates the ‘active’ 
milk agent, this agent should produce mammary 
tumors within a few days at the site of injection 
(Mann, 33) in mice of strains other than that mn 
which the tumor had developed. 
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Every mouse inoculated in our studies was sus- 
ceptible to the development of spontaneous mam- 
mary cancer. In the case of the AZF, tumor, it 
would have the milk agent from the female of the 
A stock. In previous studies 1t was determined that 
when females of the Z (C3H) strain were nursed by 
females of the A stock, so that they obtained the 
A stock milk agent, the incidence of mammary tu- 
mors was higher in the progeny of these fostered 
mice when they were maintained as nonbreeders 
than when they possessed the Z milk agent (11). 
However, the injection into the mammary gland 
region of either a suspension of the frozen tumor- 
mince or the cell-free supernatant of the frozen 
suspension of the AZF; mammary tumor did not 
induce tumors in mice of the Z stock. 

One tumor which developed in a male F; hybrid 
without the milk agent, following the inoculation 
of the frozen AZF tumor, was also tested by using 
cell-free extracts and was found to be no more ac- 
tive than either extracts of the frozen material 
or fresh tumor tissue in animals of the A and Z 
strains. Several hundred test animals have been 
injected with these extracts, either subcutaneously 
or intraperitoneally, and the results to date indi- 
cate that this material was no more active than the 
tissue containing the “‘latent’’ (to use Mann’s ter- 
minology) mammary tumor milk agent. The final 
results will not be known for many months and 
may give some interesting data on the comparable 
activity of the agent in fresh versus frozen tissue 
as well as different routes of administration. 

After 30 passages in mice free of the agent, the 
agent was found to be present in cell-free centrifu- 
gates of the Z (C3H) tumor No. 8044. Transplants 
of the 33d transfer generation were frozen, and the 
results following the subcutaneous injection of the 
frozen tumor suspension were similar to those seen 
for the AZF, tumor, in that tumors arose at the 
site of injection only in animals of the Z stock and 
their F, hybrids. Again, the genetic relationship 
between the mice inoculated and the constitution 
of the tumor inoculated influenced the results— 
and not an “‘active virus” liberated from the can- 
cer cells at low temperatures, for mice of other 
strains were free of tumor after treatment. 

As stated above, the mammary tumor milk 
agent may be demonstrated in filtrates and cell- 
free extracts (see 8, 9-10, 37), and it seems reason- 
able to suppose that similar extracts of frozen tis- 
sue would likewise contain the virus. Gye and his 
co-workers (29) centrifuged an extract of a frozen 
suspension of an induced sarcoma for 15 minutes 
at 10,000 r.p.m. The sediment was washed with 
saline and emulsified in 3 cc. of saline. This was in- 
jected into six mice, and all developed typical 





sarcomas. Gye reasoned that “Experiments such 
as this do not appear to lend any support to the 
belief that the tumors started by frozen tissues are 
transplants, i.e., due to division of surviving tumor 
cells.”’ If viable tumor cells had been present, they 
would be expected to be found in the resuspended 
sediment but not in the supernatant; however, the 
supernatant should have contained any active 
virus. The latter was not tested. 

Mann (33) discussed in detail what she termed 
the selective infectivity of the so-called active milk 
virus from frozen mammary tumors for mammary 
tissue. So that no personal element will enter into 
the interpretation of her results and the basis for 
her hypothesis, it seems appropriate to give quota- 
tions from her publications. This will be followed 
for others, as well. 

Mann (33) stated that “If inbred strains of mice 
are used tumour tissue can be successfully grafted 
in both subcutaneous and intraperitoneal sites. 
The new tumours are simple clumps of cells of the 
original mouse growing in the tissues of the new 
host. If, however, the active form of the Bittner 
virus has been obtained from living mouse cells it 
seems highly probable that only cells of mammary 
tissue can be infected, and that connective-tissue 
cells cannot respond to it. Since it is well known 
that the mammary tissue of the mouse is very 
widespread, and that sporadic tumours can arise 
almost anywhere on the surface of the body, sub- 
cutaneous inoculation of active virus can never 
offer evidence for or against selective infectivity. 

“On the other hand, sporadic mammary cancer 
never arises inside the peritoneum, and yet suc- 
cessful intraperitoneal grafts of living tumour tis- 
sue can be easily obtained. If, therefore, frozen tu- 
mour tissue, which as we have seen readily pro- 
duces subcutaneous mammary cancers, were 1n- 
oculated intraperitoneally it should produce tu- 
mours if it contained living cells, and should not do 
so if it contained only the active virus. In the ex- 
periments . . . qualitative difference in results ex- 
ists between subcutaneous and _ intraperitoneal 
inoculation of refrigerated mammary tumour. The 
number of failures is too high to be accounted for 
by any explanation other than the absence of 
mammary tissue in the site chosen. 

“The technique of intraperitoneal inoculation is 
difficult because of the ease with which a few cells 
from the surface may be carried into the deeper 
tissues by the needle and also because of the diffi- 
culty of avoiding contamination of the abdominal 
wall and subcutaneous tissues by the material in 
the needle during its withdrawal. ... Again, mi- 
croscopic examination of subcutaneous and intra- 
peritoneal tumour grafts often reveals the presence 
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of hair follicles which have been forced in by the 
grafting-needle. A further source of error is a 
slightly lateral inoculation. Unless the skin and the 
abdominal wall are pierced exactly in the midline 
there is always the risk of a mammary tubule being 
involved in the puncture. 

‘", .. In any case a failure to obtain growths in 
90 per cent of the intraperitoneal experiments as 
against a success in 75 per cent of subcutaneous 
inoculations (where the chances of the virus en- 
countering a mammary tubule are high but not 
even there 100 per cent) is strongly in favour of 
selective infectivity of the virus as against cell 
survival.” 

Thus, while “the technique of intraperitoneal 
inoculation is difficult, ... the chances of the virus 
encountering a mammary tubule are high but not 
even 100 per cent” following subcutaneous inocu- 
lation. 

Regarding the distribution of the mammary 
glands and the development of mammary cancer 
in males, Mann (33) stated: “In the male mouse, 
mammary tubules, imperfectly developed and 
without secreting acini, are present over large 
areas of the subcutaneous tissue, but even in high 
cancer strains male mice do not develop mammary 
cancer unless they are subjected to prolonged 
treatment with oestrin, when tumours occur as in 
the females—1.e., the virus changes from the latent 
to the active form.” 

These observations on the relative size of the 
mammary glands in male mice are not supported 
by details from other published reports. Gardner 
(24), in 1935, found that ““The mammary glands of 
the normal male mouse persist as rudimentary 
ducts in the subcutaneous tissue throughout life. 
They undergo little, if any, growth after the wean- 
ing age.’ When male mice of various strains were 
from 6 to 9 weeks of age, Richardson and Cloud- 
man (38) made whole mounts of their third glands. 
In males of the strains which showed the most ex- 
tensive development, the mammary gland did not 
involve an area much greater than 1 X 1 cm. in 
area. Also, a gross dissection of a lactating female 
showed that intraperitoneal injection could be 
made without coming in contact with the mam- 
mary glands (11). 

Twenty-one animals, eighteen males and three 
females, were tested by subcutaneous and intra- 
peritoneal injections of a frozen suspension of the 
tumor-mince. Fourteen tumors were found in the 
subcutaneous region as against thirteen internal 
tumors. Although only a limited number of mice 
was tested, no difference was noted based upon the 
route of administration of the frozen tissue. In 
most experiments, Mann used only six animals, 
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and her figures represent many series with several 
different tumors. 

In 1949, Mann (33) tested the transplantable 
carcinoma ““63”’ and determined that the inocula- 
tion of a frozen suspension was active in 19 (44 per 
cent of the mice developed tumors) of 22 experi- 
ments, while negative results were obtained in 3 
experiments because of technical errors. The year 
previously, Dmochowski (22) assayed the carci- 
noma “63” for the mammary tumor milk agent 
and was unable to demonstrate the presence of the 
agent in desiccated tissue of tumors from the same 
laboratory. The tumors were from the 428th pas- 
sage. No mention was made by Mann of these neg- 
ative results by an accepted method of testing for 
the agent. 

The usual method of reporting scientific data is 
to refer in the manuscript to any previous results 
other investigators have observed in that particu- 
lar field. As this was not followed by either Gye 
(28) or Mann (33-35), it seems probable that they 
proposed that the reader should accept their theo- 
ries as being original with them. 

The interpretation of the experimental results 
following the use of either frozen and/or dried tu- 
mor tissue 1s dependent upon whether or not some 
cells may survive. In reporting their preliminary 
data and advancing the viral theory, Gye (28) 
made no direct reference to the previous studies of 
others, but, however, concluded that “‘We think 
we are justified in making the contention that the 
negative results of the past are merely negative 
and have the value of negative experiment which 
is the result of imperfect technique.”’ 

In a recent publication, Blumenthal and Walsh 
(12) referred to fifteen manuscripts, published pre- 
viously to 1949, on the successful transfer of tumor 
and normal tissues following storage at low tem- 
peratures for as long as 2 years. The subject has 
also been reviewed by Hirschberg and Rusch (30). 
Only a few of these experiments, selected as perti- 
nent to the discussion, will be considered here. 

In 1939, Mider and Morton (36) froze mouse 
sarcoma and rat carcinoma to a minimum temper- 
ature of —74° C. by using approximately the same 
technic as the British workers. When the tissue 
was frozen en masse, tumors developed following 
the subcutaneous inoculation of the thawed tissue. 
Repeated freezing and thawing reduced the num- 
ber of tumors induced by the material. Among the 
three tumors they tested, sarcoma was more re- 
sistent to cold when frozen en masse than carcino- 
ma, whereas, when frozen in a saline suspension, 
the opposite was found. If rat skin was maintained 
for 24 hours at a temperature of —74° C. and 
transplanted subcutaneously, Mider and Morton 
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(36) iound that when it was removed 10 days later 
there was histologic evidence of growth, as demon- 
strated by mitotic figures, characteristic staining 
of the connective tissue, etc. 

Blumenthal and his associates (12, 13) conclud- 
ed that normal tissue (thyroid and parathyroid of 
the guinea pig) and mouse Sarcoma 37 would sur- 
vive freezing to either —70° C. or —190° C. and 
could later be successfully transplanted. The most 
accurate indicator of viability, mitotic activity, 
was noted in the transplants. In referring to the 
conclusions of Gye et al., they stated that their 
“findings do not disprove the possibility of a viral 
transmission of neoplastic disease but rather prove 
that the criteria used for determining whether or 
not this mode of transmission obtains must be 
more strictly defined.”’ 

Craigie (16) reviewed the literature in a later re- 
port, the first paper in this series to do so, and 
stated: “‘Much of the experimental work reported 
on the production of tumours with frozen and 
thawed material is concerned with the interpreta- 
tion of the survival of activity, and it is clear that 
under certain conditions malignant cells and nor- 
mal skin . . . will survive freezing temperatures for 
some time.’ He tested various solutions to deter- 
mine the ability of the cells to survive and con- 
cluded: ““The degree of survival of activity in dex- 
trose preparations at a low temperature is ade- 
quate for experimental work requiring the use of 
transplantable tumours and for some purposes 
may offer a more convenient source of material 
than fresh tumour tissue.”’ Elsewhere, Craigie (17) 
wrote: “It is evident from the results of this experi- 
ment that the degree of survival of the different 
tumours varied considerably. Some lots produced 
tumours at all sites injected, others only some. .. . 
Complete failure to survive freezing has been ob- 
served so far only with two benzpyrene tumours 
mentioned and an undifferentiated tumour... 
arising near the point of needle entry of intraperi- 
toneal injection of methylcholanthrene.”’ 

Mider and Morton (36) dried at least one tu- 
mor, while it was in the frozen state, in a lyophile 
apparatus and determined that the subcutaneous 
injection of the dried material did not produce tu- 
mors at the site of inoculation. Although the 
Mammary tumor milk agent will remain active 
following desiccation (8, 19-23), the subcutaneous 
injection of fresh, dried tumor tissue has not “‘in- 
duced’”” mammary cancer at the site of injection 
within a matter of days or weeks; but after several 
months the typical spontaneous mammary tumors 
develop. These tumors appear with the usual ran- 
dom distribution seen for this type of cancer in 
mice. Similar results have been obtained following 


oral administration of an extract of lyophilized 
mammary cancer (frozen to —72° C. and dried in 
vacuo) (6). 

Gye (28) reported that when fresh sporadic tu- 
mors from animals of the R3 and C3H stocks were 
dried, with the Craigie desiccator (15), active dry 
tissue was obtained. The type of tumor which they 
used was not specified, but these strains have a 
high incidence of spontaneous mammary cancer. 
However, until this new apparatus was employed, 
Gye and his associates (29) had been unsuccessful, 
in many experiments, in the propagation of dried 
tumor tissue, or “‘A long experience of negative re- 
sults with a different and simpler drying method” 
(18). 

Craigie (17) discussed the survival of cancerous 
cells following drying in their new apparatus as 
follows: “Tests of dried material obtained at vari- 
ous times during the development of the drying 
equipment (Craigie [15']) were negative,although 
one positive result was obtained with C3H sarco- 
ma and others were obtained by Gye, Begg, Mann, 
and Craigie (29').” In a later report (18) he con- 
cluded: “It would therefore seem to be reasonable 
to accept the possibility that a few cells (about 1 
in 1,000,000) survived the drying process.”’ Pre- 
sumably, the number of cells to survive drying 
with their new equipment was sufficient to produce 
transplantable tumors at the site of inoculation. If 
this new desiccator did not completely destroy all 
the tumor cells, the tumors which arose at the site 
of inoculation of the partially dried material would 
be due to the propagation of these viable cells and 
not due to the action of any virus. 

In view of the many experiments of others 
showing that tissues would survive freezing, it is 
interesting to cite from the 1947—48 report of Gye 
(27) as Director of the Imperial Cancer Research 
Fund: “‘Forty years ago Salvin-Moore success- 
fully transplanted mouse carcinomata and sarco- 
mata after they had been exposed to the tempera- 
ture of liquid air. Cramer grew sarcomata after 
freezing them with CQ, snow, but felt that his re- 
sults were attributable to the survival of a few 
cells. Gye and Purdy (1931) studied the matter 
further and concluded that a few cells were able to 
remain viable though exposed to freezing tempera- 
tures. The subsequent work of Breedis and Furth 
(1938) and others has produced additional evi- 
dence that such survival may occur. Breedis and 
Furth drew attention to the value of freezing and 
storing on CO, snow as a method of preserving tu- 
mours, but although this method has been used by 
some it has not been generally adopted. Dr. 
Craigie is studying certain aspects of the problem 


1 References numbered as in this paper. 
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that do not seem to have been explored, with the 
immediate objective of further improving this po- 
tentially valuable method of preserving certain 
transplantable tumours.” 

Let us now refer to the papers published by 
Salvin-Moore and his associates (39-40) in /908 
which were mentioned by Gye (27) in 1947-48. 
Salvin- Moore exposed mouse tumors to the action 
of liquid air for periods of from 20 minutes to 4 
hour. “They were then at once introduced into 
healthy mice beneath the skin, the presumption 
being that in these circumstances the tumour cells 
would be destroyed by the action of the liquid air 
and consequently that they would multiply no 
further.” However, in some cases new tumors 
arose at the site of inoculation of the frozen tissue. 

Salvin-Moore and Walker (40) discussed their 
results as follows: “From these observations it 1s 
rendered clear that exposure to liquid air at a tem- 
perature of about —195° does not necessarily de- 
stroy the potentiality of the substance of a mouse 
tumour to produce fresh tumours of the same kind 
in mice into which such frozen tumour substance 
has been grafted. 

‘These facts in themselves are somewhat sur- 
prising, and they immediately raise a number of 
questions which it will be desirable to have eluci- 
dated in the interests of research concerning the 
nature of cancer. In the first place, it is rendered 
clear that exposure to liquid air for a certain peri- 
od of time does not destroy the principle upon 
which the vitality of mouse cancer depends. If, as 
may be the case, the cells composing the mass of 
the tumour, and constituting the grafts, are killed 
by exposure to liquid air, then the development of 
mouse cancer after such exposure indicates not 
merely that the growth of similar tumours is de- 
pendent on the integrity of the ‘cancer cells,’ but 
also that the new tissues are not necessarily 
formed from the implanted cells at all, and may 
arise from the cells of the new host in response to 
some stimulus introduced along with the frozen 


material, and quite independent of the integrity of 


the so-called ‘cancer cells.” ”’ 


The authors (40) furthermore stated that their 


observations suggested “that the production of 
new tumours in the hosts into which the frozen 
cancer tissue has been introduced may possibly 
not be dependent upon the introduction of the 
‘cancer cells’ at all, but upon the action of a virus 
which is independent of these cells, and retains its 
activity after being subjected to the temperature 
of liquid air.” Salvin-Moore and Walker recog- 
nized the possibility that “it is not certain 
that the cells from the tumour introduced into a 
new individual are killed by half an hour’s expo- 
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sure to the temperature of liquid air, particularly 
as the seeds of some plants and trypanosomes are 
said to survive this temperature.” 

Karlier in this discussion we quoted a statement 
by Gye (28) “that the negative results of the past 
are merely negative and have the value of negative 
experiment which ts the result of imperfect tech- 
nique.” These positive results were probably ob- 
tained, as demonstrated by Craigie (18), because 
of tmperfect technic for the dehydration of can- 
cerous tissue, either fresh or frozen. The tumors 
produced following the ineculation of suspensions 
of frozen tumors were likewise the result of the 
propagation of viable tumor cells. These data were 
incorrectly interpreted by the authors regardless of 
the published reports of many workers to the con- 
trary. 

Mider and Morton (86) commented upon the 
virus hypothesis of Salvin-Moore as_ follows: 
This, however, has no bearing on the moot point 
concerning the possible relationship to transplant- 
able tumors.” There is little doubt but what this 
remark is as valid today for the inoculation of 
frozen tumor tissue as when it was made in 1939, 
and it applies equally well to the 1949 theory of 
Gye and Mann, since their explanation 1s practi- 
cally identical with the one advanced by Salvin- 
Moore in 1908. 

It has often been said that many theories are 
advanced only for the stimulus they may give to 
others for further research. Perhaps in some cases 
this may result in an increase in our knowledge of 
the problem being investigated, while in other in- 
stances it may actually retard progress until the 
hypothesis has either been refuted or confirmed. 
This may be necessary, especially when the exper- 
ments are completed without adequate controls. 


SUMMARY 

Salvin-Moore, in 1908, determined that tumors 
would develop in mice following the subcutaneous 
implantation of neoplasms which had been ex- 
posed to the temperature of liquid air (— 195° C.). 
He proposed a virus theory to explain the results, 
although he considered the possibility that some 
cells had remained viable. 

In 1949, Gye and his associates submitted a 
similar theory based upon observations obtained 
following the freezing and drying of mouse can- 
cers. Furthermore, Mann stated that when mam- 
mary cancers (both transplanted and spontane- 
ous) were frozen, the milk agent virus was liberat- 
ed in its “active” form and when injected subcu- 
taneously, mammary tumors would be produced 
at the site of injection within a short interval of 
days or weeks. Few mammary tumors arose at 
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other sites of inoculation because of the “‘selective 
infectivity” of the virus for mammary tissue. 

To test for the active mammary tumor milk 
agent. virus, transplanted mammary tumors were 
minced, suspended in dextrose, and frozen to 
—79° C. The thawed tumor-mince produced mam- 
mary tumors at the site of injection only in mice of 
stocks which would be susceptible to fresh tissue 
grafts of the tumor being tested. Negative results 
were obtained with mice of other strains, although 
they were susceptible to the development of spon- 
taneous mammary cancer. Intraperitoneal inocu- 
lation of the frozen material was as effective as 
subcutaneous injection in the production of mam- 
mary tumors. 

Whereas cell-free centrifugates have been found 
to contain the mammary tumor milk agent, cell- 
free extracts of the frozen mammary tumor-mince 
failed to induce tumors, within the specified inter- 
ral, in any animal regardless of its genetic consti- 
tution. 

Preliminary data indicate that the milk agent 
was no more active in cell-free extracts of the 
frozen than the fresh tissue of the same tumor, re- 
gardless of the route of administration. The final 
results of these tests will not be apparent for 
months, but the earliest tumors to be observed de- 
veloped in mice which had received intraperitoneal 
injections. 

The revival of this viral theory for mouse cancer 
by Gye et al. and Mann disregarded the previous 
finding of many investigators that mouse tissues 
(normal and cancerous) survived freezing to low 
temperatures. Evidence was also cited that the 
newly designed desiccator, used for their studies, 
did not destroy all cells. The fact that other meth- 
ods of dehydration, including their own studies, 
had given negative results which would refute the 
virus hypothesis was disregarded as due to imper- 
fect technic. 

The experimental data submitted by Gye et al. 
and Mann were, without a doubt, based upon ob- 
servations which they either incorrectly inter- 
preted, as in the case of the studies with frozen 
tissues, or secured by using new equipment before 
it had been adequately tested and which resulted 
in imperfect technic. 
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Nuclei from Normal and Leukemic Mouse Spleen 


|. The Isolation of Nuclei in Neutral Medium” 


Rost M. ScuNemper, M.S., Aanpb Mary L. PETERMANN, PH.D. 


(From the Sloan-Kettering Institute for Cancer Research, New York, N.Y.) 


In the course of a study of the pentosenucleic 
acid (PNA) distribution in normal and leukemic 
mouse spleen, 1t was found desirable to determine 
the nucleic acid content of isolated nuclei. The pro- 
cedures commonly employed for the isolation of 
nuclei (1, 4, 8, 13) involve the use of citric acid. 
This was felt to be unsuitable for the isolation of 
nuclei free of cytoplasmic PNA, since it has been 
shown (2) that the cytoplasmic nucleoproteins 
flocculate below pH 6.0 and precipitate at pH 4.8 
or lower. The danger of contamination 1s particu- 
larly great in leukemic spleen, where the cytoplas- 


mic PNA concentration is extremely high (9). Al- 
though the preparation of nuclei at pH 6.0 (4) 


might have been feasible, a procedure which 
avoided the use of acid entirely seemed more 
desirable. 

When attempts were made to isolate nuclei in 
the 0.88 M sucrose medium introduced by Hoge- 
boom, Schneider, and Pallade (6) for the isolation 
of mitochondria, the nuclei were clumped, dis- 
torted, and badly contaminated with debris. A 
search was therefore made for some ion which 
would “‘harden”’ the nuclei without causing agglu- 
tination of cytoplasm. Of the various salts tried, 
those containing divalent cations appeared most 
satisfactory; equally good results were obtained 
with calcium chloride and manganese sulfate. In 
the procedure described below, 0.0018 m calcium 
chloride in 0.88 mM sucrose was used. The method is 
simple, convenient and rapid, being complete with- 
in 1 hour of the death of the animals. 


MATERIALS AND METHODS 


The isolation procedure outlined below was used 
for normal spleen only. Leukemic spleen will be 
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discussed in the second paper of this series.'! The 
mice, of the Akm strain, were sacrificed by spinal 
fracture. Their spleens were excised rapidly, chilled 
on ice, and cleaned free of visible fat. They were 
then weighed in l-gm. batches (eight to twelve 
spleens per batch). 

The entire procedure was carried out at about 
4° C. Each gram of tissue was suspended in 15 ce. 
of 0.88 mM sucrose containing 0.0018 mM calcium 
chloride. The tissue was crushed in a glass homoge- 
nizer (inside diameter, 1 inch) by -means of five 
strokes of the tube, with slight rotation. 

The connective tissue was removed by strain- 
ing, first through a double layer of surgical gauze, 
then through one layer of single-napped cotton 
flannelette, and finally through one layer of dou- 
ble-napped cotton flannelette into a 50-cc. centri- 
fuge tube with short conical bottom, containing 
0.05 cc. of isocaprylic alcohol. 

The centrifuge tube was placed in a beaker of 
crushed ice and water and its contents homoge- 
nized for 5 minutes. The homogenizer consisted of 
a notched stainless steel blade, 1.4 cm. in diameter, 
attached to a shaft which was rotated by a Du- 
more motor rated at 16,000 r.p.m. 

The homogenate, which was at pH 7.3, was 
transferred by capillary pipette to a 15-cc. gradu- 
ated centrifuge tube and centrifuged for 10 min- 
utes at 600 g in a horizontal head. The supernatant 
fluid was carefully decanted and the sediment 
mixed by capillary pipette with 2 cc. of the medi- 
um, until the suspension was visibly uniform. The 
suspension was then diluted to 10 ce. and centri- 
fuged again at 600 g for 10 minutes. The washing 
was repeated twice in this manner. The last sedi- 
ment was suspended in 2 cc. for microscopic ex- 
amination, then diluted to 5 ec. for subsequent 
counting. 

Wet smears stained routinely with methyl 
green—pyronin were examined microscopically un- 
der the oil immersion objective, at a total mag- 
nification of 1,225. Nuclei could be clearly differ- 
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entiated by their blue color, which contrasted 
sharply with the pink of evtoplasm and connective 
Red blood cells remained unstained. The 
orcetn-fast: green stain of Kurnick and Ris (7) 
served as a confirmatory stain. 

A sample of the 5-ce. suspension was taken up 
ina red blood cell pipette, diluted 1: 100 with the 
medium, and counted in a haemocytometer. The 
contents of the entire square millimeter area com- 
monty allotted to the red cell count were totaled, 
and the result multiplied by 10° to give the num- 
ber of nuclei per cubic centimeter of suspension. 
The count per cubie centimeter ranged from 50 to 
100 mulhon nuclei. 

One-ce. samples of the final suspension were 
analyzed for DNA and PNA by the modified 
Schneider (11, 12) procedure previously deseribed 
(9). ‘Total nitrogen was determined by semi-micro 
Kjeldahl analysis. From these 
per nucleus was calculated. 


tissue. 


values the amount 


Microscopic examination of the final sediment 
revealed isolated nuclei, free of cytoplasmic tags 


@ 6 
> 


‘1G. 1.—lIsolated nuclei from mouse spleen photographed by 
oil immersion, mag. X 1,210. 
or connective tissue. They appeared round, un- 


clumped, and undistorted, and resembled morpho- 
logically those seen in fixed sections of mouse 
spleen. Polymorphonuclear nuclei, with their char- 
acteristic segmentations, appeared equally free of 
evtoplasm. Infrequent whole cells were readily 
identified under immersion oil by the presence of 
a thin rim of pyronin-stained cytoplasm. Differen- 
tial counts showed whole cells in a frequency of 2 
per cent or less. Phase-contrast photomicrographs 
of unstained nuclei suspended in the sucrose-cal- 
cium chloride medium are shown in Figure 1. 

The results of the chemical analyses are shown 
in Table 1. The PNA content per nucleus, 0.29 
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x LO meg., is less than 5 per cent of the DNA 
content. Phe determination such a small 
amount of PNA by the oreimol reaction, in the 
presence e ofa great excess of DNA, is very difficult, 
and extreme care must be taken to get reprodue- 
ible results. The greater variability of the PNA 
values, as compared to the DNA and nitrogen 
values, probably refleets this techmieal difficulty. 


of 


TABLE 
. MI 


NETROGEN AND NUCLELC ACLD CONTENT 
OF MOUSE SPLEEN NUCLEI 


THE 


Nitrogen* PNA* DNA* 
Av.t $3.6 0.29 G5 
Range 3.34.0 0. 22-0.37 5.9-7.1 


*Me. per nucleus & 10°. 
} Seven experiments. 


DISCUSSION 
No attempt was made to investigate the mecha- 
nism by which the morphological integrity of the 
nuclet was maintained ino the caleium-sucrose 
medium. Phe concentration of calcium chloride 
chosen was just enough to prevent stickiness and 





phase-contrast microscopy. Left, high dry, mag. X 540; right, 


vet vield the greatest number of isolated nuclet. 
The optimal concentration appeared to be quite 
critical, since greater amounts of salt rendered the 
whole cells resistant to fragmentation. The same 
medium was also found to be the best diluent for 
the counting procedure. 

Homogenization in the absence of an anti 
foaming agent resulted in microscopically trans- 
parent pouchlike structures, presumably air bub- 
bles, whose surface was coated with cytoplasm. 
The elimination of foaming prevented contamina- 
tion of the nuclei with these structures and reduced 
the time required for homogenization. Isocaprylic 
alcohol was the most satisfactory of the agents 
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tried. The amount of aleohol, however, should be 
minimal; excessive amounts result in accumula- 
tion of the nuelei, together with cytoplasmic con- 
taminants, in a surface pellet: during centrifu- 
gallon. 

Although a less brisk homogenization might 
have been sufficient to disrupt cell) membranes 
(6), the type of homogenization employed was 
selected because of its rapid fragmentation of the 
red blood cells. The final nuclear sediment was 
therefore white, apparently free of hemoglobin. 

The isolation procedure was worked out under 
microscopic control. Smears made subsequent to 
crushing the whole spleens showed an abundance 
of whole lymphocytes, nuclei, red blood cells, non- 
nuclear debris, and fine fibers. During the filtra- 
tions the fibers were removed, held back on the 
nap of the flannelette. The homogenate consisted 
of nuclei and non-nuclear debris, with a conspicu- 
ous lack of whole cells and red blood cells. The 
final sediment was composed almost entirely of 
nuclei, as deseribed above. 

It is to be expected that the DNA content per 
nucleus would be independent of the method of iso- 
lation, while the PNA and nitrogen content per 
nucleus would vary with the completeness of re- 
moval of the cytoplasm. This is borne out by the 


analytical results. The DNA per nucleus, 6.5 X 
10° mg., agrees with the values reported for 


mouse (1) and rat (3) spleen nuclei isolated in 
citric acid and is close to the values reported for 
mouse liver and kidney (14). Attempts to deter- 
mine DNA per nucleus on total spleen homoge- 
nates have so far been unsuccessful. When spleen 
is homogenized before removal of the connective 
tissue, microscopic examination shows clusters of 
nuclei trapped in networks of fibers. Nuclear 
counts on this material are therefore not reliable. 

In contrast to the agreement in DNA, the PNA 
and nitrogen per nucleus reported here are very 
much lower than the values obtained on mouse 
spleen nuclei isolated in sucrose and dilute citric 
acid (1). While these low values may be the result 
of an extraction of nuclear PNA by the sucrose— 
calcium chloride medium, this seems unlikely, 
since the preparation is completed within 1 hour. 

It may be calculated from the total DNA per 
gram of mouse spleen, 17 mg. (9), that 1 gm. of 
spleen contains about 2.6 X 10° nuclei. The range 
of 2.5-5.0 X 108 nuclei isolated from 1 gm. of tis- 
sue therefore represents a yield of 10-20 per cent. 

It has recently been suggested (5, 10) that when 
nuclei are isolated in aqueous media, a large 
amount of protein is extracted from them in the 
course of the isolation. The protein to DNA ratio 
of the nuclei described in this paper is about 3.5, 


close to the values quoted for nuclei isolated by 
other procedures (10), and far lower than the ratios 
of 8-10 found by cytochemical methods. It can 
be calculated, however, from the N/DNA ratio of 
these nuclei, 0.55, that recovery of the entire 17 
mg. of DNA in 1 gm. of spleen would yield about 
9.4 mg. of nitrogen. This is 30 per cent of the total 
nitrogen, a reasonable value for a tissue of such a 
large nuclear volume. While such a calculation 
does not rule out small losses of protein, it sug- 
gests that losses of the magnitude indicated by 
Polhister and Leuchtenberger (10) probably do 
not oceur. 

Preliminary experiments indicate that the pro- 
cedure described above is also applicable to the 
isolation of nuclei from calf thymus, an organ 
which is also rich in lymphocytes. For the isola- 
tion of nuclei from nonlymphocytic organs, modi- 
fications in batch size, caletum concentration, or 
time of homogenization may be necessary. 


SUMMARY 


1. A procedure is reported for the isolation of 
mouse spleen nuclei in a neutral medium consist- 
ing of 0.88 M sucrose and 0.0018 m calcium chloride. 
The recovery of nuclei ranges from 10 to 20 per 
cent. 

2. The isolated nuclei appear to be morphologi- 
‘ally intact and free of cytoplasm and connective 
tissue. | 

3. These nuclei contain 6.5 mg. of DNA, 0.29 
mg. of PNA, and 3.6 mg. of nitrogen per 10° nuclei. 
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Induced Iumors of the Parotid Gland* 
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This experimental work was undertaken to 
study the effects of various carcinogens on salivary 
glands in the hope of producing primary epithelial 
neoplasms, and, among these, the so-called “‘mixed 
tumors” of the parotid and submaxillary glands. 
Indeed, this study has been stimulated by the 
meager results obtained in this field by a few 
authors and the uncertainty concerning the origin 
and pathogenesis of these epithelial tumors of 
varied patterns. Additional work will be described 
at a later date on the transplantability of the neo- 
plasms obtained and the tumor development, un- 
der various conditions, which altered the physio- 
logic activity of the glands prior to and following 
the introduction of various carcinogens. 

Lowenstein (8), in 1910, injected scarlet red oi! 
into the parotid glands of rabbits and produced in- 
flammatory changes which he considered respon- 
sible for atypical epithelial proliferation of the 
small ducts. He claimed that the changes re- 
sembled human cylindromas. 

Macchiarulo and Biingeler (9), in 1929, ob- 
tained “‘squamous epithelial cysts” containing 
large masses of keratin as a result of repeated in- 
jections of tar into the parotid glands of 70 rats. 
The initial alterations involved the nucleus and 
cytoplasm of the epithelial cells. 

Abb (1), in 1932, injected scarlet red with and 
without Peru balsam, tar, or kieselguhr into nine 
rats and five rabbits. These treatments brought 
about the formation of cysts surrounded by squa- 
mous epithelium with keratinization and meta- 
plastic changes. 

Benecke and Schréder (2) injected benzpyrene 
in olive oil into the parotid glands of 53 rats and 55 
mice but obtained positive results in only two rats. 
These were sarcomas. The oil cysts which devel- 
oped were lined by papillary epithelial prolifera- 
tions with massive keratin. 

In their experiments Franseen, Aub, and Simp- 
son (4) introduced methylcholanthrene and 1,2,5,- 
6-dibenzanthracene into the salivary glands of 30 
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mice, producing 17 tumors, 12 of which were epi- 
dermoid and 1 a fibrosarcoma. These neoplasms, 
which developed in about 165 days, displayed cyst 
formation. No mixed tumors were obtained. 

In 1940 Rusch, Baumann, and Maison (13) 
surgically exposed the submaxillary gland of mice 
and introduced 1,2,5,6-dibenzanthracene and 3,4- 
benzpyrene. In 2-3 months the resulting tumors 
measured about 2.5 em. These authors described a 
metaplasia of the glandular epithelium to stratified 
squamous epithelium with occasional malignancy. 

An investigation of the histogenesis of tumors of 
the salivary glands by Steiner (16) produced a 
comprehensive work on this subject. Into mice he 
inserted 1,2,5,6-dibenzanthracene and also choles- 
terol. Rats were treated with benzpyrene and 
methylcholanthrene and guinea pigs with methyl- 
cholanthrene and cholesterol. The site of deposi- 
tion of the chemical was the submaxillary gland. 
Methylcholanthrene was used in a similar manner 
in rabbits. All animals except the rabbits respond- 
ed with tumor production—usualiy squamous-cell 
carcinoma. No adenomas were produced. The rab- 
bits developed an early epithelial metaplasia which 
failed to become malignant. 


EXPERIMENTAL 


STUDIES WITH RABBITS 


Because of the specificity of species response, 
the type of animal, as well as the carcinogen, was 
altered several times. Although little work had 
been done on rabbits, the size and accessibility of 
the rabbit parotid gland prompted its investiga- 
tion. 

Rabbits weighing 4—5 pounds were selected for 
implantation with the following chemicals: meth- 
ylcholanthrene, 9,10-dimethyl-1,2-benzanthra- 
cene, 1,2-benzanthracene, and 1,2,5,6-dibenzan- 
thracene. The pellets for implantation were 5 mm. 
long, 19-gauge in cross section, and were composed 
of a 20 per cent solution of the carcinogen in bees- 
wax. The pellets, usually 2 or 3, each weighing 1.2 
mg., were introduced into the surgically exposed 
main duct and parotid gland proper from a small 
syringe. Twenty animals were treated with pellets 
in this way, but one death decreased the number 
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to nineteen. In six animals, methylcholanthrene 
was the agent: in four, 9,10-dimethyl-1,2-benzan- 
thracene, and in nine, 1,2-benzanthracene. The 
animals were killed at intervals of 8 months to 13 
vears. The parotid glands, submaxillary glands, 
kidneys, liver, and spleen were removed for micro- 
scopic studies. Subserial sections were stained with 
hematoxylin and eosin. 

Results. No malignant tumor was observed in 
animals maintained for 1} years. Two types of re- 
sponse were recognizable: one of inflammation, as- 
sociated with extensive degenerative changes but 
without epithelial proliferation, the other of mod- 
erate Inflammation with proliferation of ductal 
epithelium. Inflammatory edema destroyed the 
structural arrangement of the parotid gland and 
of the adjacent lymph aodes. Prominent findings 
were periductal round-cell infiltration and fatty 
and hyalin degeneration. ‘The almost universal 
fibrosis in cases of long standing was grossly vis- 
ible: it replaced portions of the gland and. sur- 
rounding tissue and often showed areas of central 
liquefaction. 

In other instances, the tissue in the vicinity of 
the pellets, which remained intact for many 
months, frequently revealed hyalinization. The 
hyalin appeared altered in its staining reaction by 
combination with the secretion of epithelial cells, 
the nuclei of which were scattered through this 
pink and bluish stained area. Eosinophiles and 
plasma cells were usually observed. There was pro- 
liferation of ductal epithelium together with the 
formation of a moderate number of new ducts 
which in some areas were expanded and lined by 
several layers of epithelial cells. This feature bears 
a definite resemblance with the pseudo-cartilage of 
the so-called “‘mixed tumors” of the salivary 
glands (Fig. 1). In a few sections, growth of adja- 
cent lymphoid tissue into the glands was observed. 


STUDIES WITH MICE 


In view of the resistance of the rabbit to produc- 
tion of epithelial tumors of the salivary glands, 
further experiments were carried out with mice, 
the following strains being used: C57 black, 
C(balbec), A,and AK. The carcinogens used were: 
1,2,5,6-dibenzanthracene, methylcholanthrene, 
and 9,10-dimethyl-1,2-benzanthracene. 

The experiment consisted of implanting 0.3 mg. 
of 20 per cent carcinogen in beeswax (four 20- 
gauge pellets 3 mm. long) into surgically exposed 
parotid and submaxillary glands. 

Table 1 indicates the number of mice of the four 
strains treated with the various carcinogens. 

Results.—Although the response to the carcino- 
gens was characteristic to the strain, there was no 
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relationship between the strain and the types of 
tumors produced by the chemical. Initial tumor 
production occurred simultaneously in C57, A, and 
C strains at about 14 weeks. However, in later at- 
tempts with about one-half the dose of carcinogen, 
the © type animals responded as early as 9 weeks. 

The C57 black strain had a longer induction pe- 
riod, requiring L 2 months longer for the relatively 
few tumors produced, and it was also considerably 
more sensitive to the toxic action of the agents. 

The response of strain C was the most promising, 
The neoplasms presented an extraordinary variety 
of types of histologic patterns. Metastases to the 
lungs were observed in this group. 

Although few strain A animals were used, they 
responded to all agents with early tumor produe- 
tion. Only one animal did not develop a malignant 
tumor by the third month. 


TABLE | 


THE NUMBER AND STRALN OF MICE 
TREATED WITH CARCINOGENS 


Agent C57 Cc A Ak 
1,2,5,6-Dibenzanthracene = 8 5 2 
Methylcholanthrene 9 61 5, ov 
9,10-Dimethyl-1,2-ben- (3 5 2 


zanthracene 


Strain AK, still under observation, responded 
poorly even at 6 months, only three malignant 
neoplasms having developed in the 25 animals ex- 
amined. 

Macroscopically, all) tumors resembled each 
other. The few tumors that appeared connected 
with or that had perforated the skin were discard- 
ed, to avoid the study of possible epidermal tu- 
mors. The tumors varied in size from 1 to 2 em. or 
more in diameter. Some of them appeared encap- 
sulated, others did not. The tumors were solid or 
cystic. The latter occasionally contained mucoid 
material. 

Microscopic EXAMINATION 

Since the produced neoplasms did not differ fun- 
damentally in their histologic pattern, regardless 
of the strain or carcinogen which had been em- 
ployed, an individual analysis of the microscopic 
details was deemed unnecessary. The following de- 
scription is generally applicable to all our cases. 

Although the reaction to the carcinogen pellets 
started around the implant, subserial sections evi- 
denced a multicentric growth that followed the 
initial response. 

The inflammatory alterations were usually 
moderate, and the hyalinization of the tissue adja- 
cent to the pellet was not so pronounced as in some 
rabbits. However, even in the cases of small tu- 
mors, the tendencies toward proliferation of ductal 
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Fic. 1.—Rabbit parotid gland; 9,10-dimethyl-1,2-benzan- 
thracene, 12-month duration. Proliferation of ductal epi- 
thelium and new duct formation in dense hyalinized carti- 
lage-like tissue resembles so-called “‘mixed tumor” of salivary 
glands. x 120. 

Fic. 2.—Mouse, strain C; 9,10-dimethyl-1,2-benzanthra- 
cene, 3-month duration; adenoma of parotid gland. 200. 


Fic. 3.—Mouse, strain ©; methylcholanthrene, 9-week, 
duration; adenoacanthoma of parotid gland, 2 cm. in diameter. 
x 40. 

Fic. 4.—Peripheral area of Figure 3. Large masses of 
whorled keratin bordered by cords of palisading polymorphous 
cells with hyperchromatic nuclei. * 250. 
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epithelium, transformation of its columnar cells 
into cuboidal or flattened epithelium, and forma- 
tion of ductlike structures, lined by multi-layered 
epithelium, were noticeable. Participation of 
acinous Cells in the response was uncommon. 

This reaction, which was generally seen, was the 
initial stage of a great variety of morphologic fea- 
tures. In few cases (strain C with methylcholan- 
threne), we found adenomatous growths of low- 
grade malignancy (Fig. 2) composed of newly 
formed serous and few mucous acini with an admix- 
ture of tubules and solid aggregations of squamous 
epithelial cells. We traced the origin of these cells to 
the epithelium of the intercalated ducts which pos- 
sesses a pluripotential plasticity. It has been es- 
tablished by Schaper and Cohen (14) and Skorpil 
(15), among others, that these columnar epithelial 
cells may differentiate into serous, mucous, and 
squamous epithelium. Our study of sections from 
73 normal parotid glands, removed at random at 
the autopsy of adults, and from 134 primary epi- 
thelial parotid gland tumors corroborated not only 
this statement but also the findings of Hartz (6) 
and Meza-Chavez (12) that sebaceous glands may 
arise from the ductal epithelium of the salivary 
glands. 

Most of the tumors in mice were adenoacan- 
thomas which displayed papillary arranged epi- 
thelium with excessive keratinization and glandu- 
lar structures. There was variation in the distribu- 
tion of these features; in some instances, the pat- 
tern was that of a well differentiated acanthoma, 
while in others, however, less often, an adenoma 
prevailed. Some tumors of such a composition were 
frankly malignant, whereas others showed a low- 
grade malignancy, or none. A relatively small num- 
ber of polymorphonuclear cells and lymphocytes 
was scattered throughout the epithelial and 
stromal tissue with some exudate in the lumina of 
the newly formed ductlike structures. Strands of 
proliferated cuboidal, columnar, and polyhedral 
epithelial cells of ductal origin with hyperchro- 
matic nuclei encircled masses of whorled keratin 
into which cords of epithelium, with a dense 
fibrous-tissue center, extended. The keratin con- 
tained chromatin particles and pearl bodies (Figs. 
3, 4). Ductlike structures surrounded by the epi- 
thelium described above were filled with sloughed 
cells and nuclear debris. Single cells also showed 
keratinization. 

Since the transplantability of these tumors and 
the behavior of the transplants will be discussed in 
a separate study, it is sufficient to indicate that the 
adenoacanthoma took very well in the kidney and 
liver, maintaining its original structural features 


(Fig. 5). 


———— i, 


There were also variants of this tumor which 
represented the features of a papillary cystadeno- 
ma and papillary cystadenocarcinoma. The papil- 
lae which contained either a very vascular loose or 
myxomatous connective tissue or hyalinized mate- 
rial were lined by single or multiple layers of 
cuboidal epithelium and projected into blood-filled 
cavities (Fig. 6). In many instances, the base of the 
papillary carcinomatous projections merged with 
collections of poorly differentiated, malignant epi- 
thelial cells. 

Another pattern of the tumor produced ina 
strain C mouse by 0.25 mg. methylcholanthrene in 
45 months displayed densely packed masses of 
vacuolated acinous cells with faint nuclei. Hyper- 
chromatic nuclei, cells of fusiform, stellate, oval, 
and round shape were prominent between the vac- 
uolated epithelial cells. We are inclined to regard 
them as myoepithelial cells within an adenocar- 
cinoma with many mitotic figures (Fig. 7). It is of 
interest that there were metastases to the lungs. 

A small percentage of the neoplasms which were 
produced were diagnosed as rapidly growing, un- 
differentiated carcinomata with an occasional ad- 
mixture of glandular formations. In some in- 
stances, these tumors were composed of cells with 
hyperchromatic nuclei and scant cytoplasm; in 
others, the cells appeared vacuolated. No squa- 
mous differentiation was detectable. Some of these 
undifferentiated carcinomata grew well when 
transplanted into the kidney and liver. 

Quite a few rapidly growing, large neoplasms of 
the parotid glands of mice of the AK and C strains 
were composed of variably sized cells with round 
to oval hyperchromatic nuclei and many mitotic 
figures. Numerous, rather sharply bordered, multi- 
nucleated giant cells were scattered throughout 
the tissue. An occasional cell was large, elongated, 
and contained a very large hyperchromatic, 1r- 
regular or lobulated nucleus. The parotid glands 
were completely replaced by this type of tumor 
which was partly hemorrhagic and necrotic. Many 
tumor cells had drawn out cytoplasmic processes, 
thereby resembling malignant fibroblasts. How- 
ever, a thorough examination of subserial sections 
clearly demonstrated a gradual transition from 
epithelial cells to polyhedral and giant cells. This 
led the authors to interpret the tumor as a giant- 
cell carcinoma (Fig. 8). Microscopically, the thy- 
roids were not involved. 


DISCUSSION 
While the introduction of various carcinogens 
into the parotid glands of rabbits did not produce 
true neoplasms, 58 tumors were obtained by the 
same methods in 150 mice of different strains. The 








Fic. 5.—Transplant of adenoacanthoma (Fig. 4) growing in 
the kidney of a mouse, strain C. X 125. 

Fic. 6.—Mouse, strain C; 9,10-dimethyl-1,2-benzanthra- 
cene, 1l-week duration; papillary cystadenoma of parotid. 
X 125. 


Fic. 7.—Mouse, strain C; methylcholanthrene, 43-month 
duration; undifferentiated carcinoma of parotid gland with 
proliferated myoepithelial cells. X 256. 

Fic. 8.—Mouse, strain C; methylcholanthrene, 20-week 
duration; parotid gland, giant-cell carcinoma. X 250. 
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effort to incite the formation of the so-called 

“mixed tumor’’—more adequately called poly- 
morphic adenoma (Willis |18])—was unsuccessful, 
although small areas of pseudo-cartilage and 
adenomatous structures resembling this growth 
were found in some of our tumors. 

The most commonly induced neoplasm of the 
parotid gland 1 in the mouse was the adenoacantho- 
ma, occurring In varied patterns. This tumor is 
seldom observed in its ‘classic form, that is, dis- 
playing the characteristics of keratinization of epi- 
thelial cells associated with glandular structures in 
the parotid glands of human subjects. While the 
amount of keratin was great in many of the 
growths, there were others with little or no kera- 
tin. In the latter instance, the tumors had the fea- 
tures of a capillary cystadenoma and capillary 
cystadenocarcinoma. 

We observed the participation of myoepithelial 
cells in the formation of an adenocarcinoma with 
metastases in the lung showing the morphologic 
features of the primary tumor. The myoepithelial 
cells stained brilliant red with himalaun-erythro- 
sin-safranin (trichrome stain of Masson), while the 
connective tissue appeared yellow. 

Adenoacanthomas of the salivary glands dis- 
playing many variations of structure recently re- 
ceived special attention in view of the work of 
MePeak and Arons (10) and McePeak and Warren 
(11) on adenoacanthomas in the esophagus and 
cardio-esophageal junction originating in the 
esophageal mucous glands, which are identical 
with the salivary glands. 

The occurrence of rapidly growing parotid 
gland tumors in mice, showing an admixture of an 
adenoacanthoma with a sarcoma-like tissue con- 
taining numerous multinucleated giant cells, hem- 
orrhages, and necrosis is of significance. The sar- 
coma-like tissue contained clearly bordered epi- 
thelial cells, occasional pearl bodies, and keratin- 
ized individual epithelial cells. Careful study of 
these tumors revealed a smooth transition of the 
cells of the solid acanthoma cords into elongated 
spindle-shaped cells and multinucleated giant 
cells. This finding induced us to conceive of these 
neoplasms as so-called giant cell carcinomata of 
the parotid glands. The thyroids were intact. The 
fact that these tumors have been produced by car- 
cinogens does not diminish the importance of this 
finding. These growths were wholly of epithelial 
origin, even though collagenous fibers were demon- 
strable in the sarcoma-like part. Following the 
work of Foot and Day (3) the Tureen and Seelig 
(17), Hebbel (7) showed that the presence of col- 
lagenous fibers in the sarcomatous portions of an 
epithelial tumor of the thyroid does not interfere 


with the interpretation of this tumor as a giant- 
cell carcinoma. Hamper! (5) arrived at the same 
conclusion in his study of two “carcinosarcomas” 
of the breast but conceived of the spindle-shaped 
cells as myoepithelial cells, because their cyto- 
plasm stained red with erythrosin. According to 
Willis (18), spindle cells and giant cells in a earci- 
noma result from the lack of differentiation. How- 
ever, the morphologic structure of these giant-cell 
carcinomata differed considerably from the few 
poorly differentiated carcinomata which we pro- 
duced. Spindle cells and giant cells were entirely 
absent from the latter. 

We were not able to demonstrate that these in- 
duced tumors of the salivary glands of mice took 
origin from the acinous epithelium. However, we 
found evidence for the fact that they developed 
from the pluripotential epithelial cells of the 
intercalated ducts. This opinion agrees well with 
the so-called Heidenhain theory and with the 
study of Schaper and Cohen (14), who considered 
the cells of the intercalated ducts to be centers of 
proliferation. These cells may differentiate into 
squamous cells or, under neoplastic conditions, 
into mucous cells which are not found in normal 
parotid glands of adults. 


SUMMARY 

1. Rabbits seem to possess an unusual resistance 
to the production of induced salivary gland tu- 
mors. 

2. Of the mice employed, strain C was the most 

responsive; strains A, C57 black, and AK, in n that 
order, were less responsive. 

3. Once the neoplasm had been induced, the 
strain of the mouse did not influence the type of 
tumor produced. 

4. The adenoacanthoma with its many varied 
patterns was the most frequently produced tumor. 

5. Related tumors were adenoma, papillary cyst 
adenoma, undifferentiated carcinoma, and giant- 
cell carcinoma. Metastases into the lungs occurred. 

The site of origin of the initial metaplastic 
change and of the subsequent neoplasm was the 
pluripotential cuboidal epithelial cell of the inter- 
calated ducts. These ducts may be regarded as 
proliferation centers. 
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Transplanted mouse leukemia is being utilized 
as a test object for agents now being used in clini- 
cal treatment and as a screen for compounds which 
might conceivably be employed in the therapy of 
human leukemia (2, 6, 7). The objective of the 
present study was to test the influence of certain 
folic acid antagonists on the course and develop- 
ment of transplanted leukemia which originated 
in the F strain (9). Aminopterin and amethopterin, 
agents tested in this investigation, have been re- 
ported to exert significant therapeutic effects on 
acute leukemia of children and to delay the devel- 
opment of certain transfer lines of mouse leukemia 
(2-5, 10, 12, 15). 


MATERIALS AND METHODS 

Myeloid lines 15, 686, X, and 765 and lymphoid 
lines 876, 926, 794, and 100 are transfer lines of 
leukemia that were used in these experiments. The 
spontaneous cases from which they were estab- 
lished arose in the F strain. Lymphoid and myeloid 
leukemias of this strain of mice have been de- 
scribed (9). 

Previous investigations had demonstrated that 
myeloid transfer lines of the F strain are influenced 
in their development to a greater degree than are 
lymphoid lines by either ethyl urethan or potas- 
sium arsenite (8). Inhibiting effects were obtained, 
however, only when treatment was begun within 
a few days after intraperitoneal inoculation of leu- 
kemic cells to effect transfer (7). 
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The method of testing the folic acid antagonists! 
was the following: Leukemice cells of the respective 
transfer lines were inoculated into F; hybrid mice 
which were the offspring of an F strain male and a 
female of one of three foreign strains (CBA, Bagg 
albino, Strong A). Mice weighed from 14 to 20 gm. 
at the start of the experiments. Animals were given 
maximum tolerable doses of the materials tested; 
these doses were in the clinical dose range and were 
comparable to those used by other investigators 
using transplanted mouse leukemia. The drugs 
were dissolved in distilled water and given by in- 
traperitoneal injection. The daily doses of the 
compounds used in this study are given in Table 1. 
Treatment was begun 24 hours after transfer; in 
certain experiments, where indicated, treatment 
was instituted at regulated intervals after transfer 
to compare the effects of the drug on the disease in 
different stages of development. 

The following groups of controls were used. One 
set of mice was untreated, merely receiving the 
inoculum of leukemic cells suspended in isotonic 
saline. A second set was treated with potassium 
arsenite? and a third with ethyl urethan,? so that 
the effect of each folic acid antagonist was com- 
pared with that of each of the other drugs. 

The number of leukemic cells inoculated for 
transfer was 1,000,000 in each mouse. The spleen 
of the leukemic donor was minced in several cc. of 
isotonic saline; the mince was filtered through sev- 
eral layers of cheesecloth. Counts were done on the 
resulting suspension of cells, with a standard white 
blood cell pipette and hemocytometer, and dilu- 
tions were made so that the number of cells in- 
jected intraperitoneally into each recipient mouse 
was contained in 0.1 ce. of isotonic saline. Mice in 

1 Supplied by Lederle Laboratories. 

2 Potassium arsenite, Merck. 


3 Urethan was obtained through the courtesy of Dr. L. E. 
Josselyn of Abbott Laboratories. 
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the [est and control groups for each experiment 
were of similar genetic constitution, age, and 
weight. Single experiments involved five to ten 
test animals on each compound with a similar 
number of untreated controls. All mice in’ the 
treated groups that died prior to the death of the 
first control mouse were excluded from considera- 
tion. The figures in the tables represent the accu- 
mulated data of the individual experiments for 
each transfer line. 

Animals were considered “positive” for leu- 
kemia if at autopsy the spleen was greatly en- 
larged, with at least a moderate increase in the size 
of liver and lymph nodes. Mice are listed as “nega- 
tive’ if they survived beyond 100 days after trans- 
fer and were negative at that time. 
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(unless otherwise specified) following transplanta- 
tion of leukemia by intraperitoneal inoculation of 
1,000,000 leukemic cells. 

Myeloid leukemias.—Potassium arsenite and 
ethyl urethan were more effective than any of the 
folic acid antagonists in delaying the development 
of leukemia in myeloid line 15. Twenty-five out of 
37 mice treated with potassium arsenite did not 
develop leukemia. Although relatively ineffective, 
as compared to potassium arsenite and ethyl ure- 
than, aminopterin and amethopterin increased 
survival time more than the other folic acid an- 
tagonists used (see Table 2). 

[In myeloid line 686, survival of mice treated 
with folic acid antagonists did not exceed that of 
untreated controls, whereas length of life after 





transfer was significantly increased in animals 
receiving either potassium arsenite or ethyl ure- 
than. Eleven of 21 mice treated with potassium 
arsenite did not develop leukemia (see Table 3). 


KXPERIMENTAL RESULTS 
The following results were obtained when treat- 
ment with chemical agents was begun 24 hours 


ray ’ 
rABLE 1 
4 4a4 


COMPOUNDS TESTED FOR “ANTI-LEUKEMIC” EFFECT AND DAILY DOSE 


Dose 
Compound per day 
Potassium arsenite (1 per cent in Fowler’s solution) 0.1 mg. 
Urethan (ethyl carbamate) 0.3 mg/gBW* 
Aminopterin (4-amino-pteroyl-glutamic acid) 0.01 mg. 


Amethopterin (4-amino-N-methylfolic acid) 
Aninopterin (4-amino-9-methyl-pteroyl-glutamic acid) 
Bremfol (x-methylfolic acid) 

An-fol-R (pteroyl-DL aspartic acid) 

Met-fol-B (methol-pteroiec acid) 


Q.05 mg. 

0.01 mg. 

0.05 mg. 
0.04 mg/gBW 
0.04 mg/gBW 


Amino-an-fol (4-amino-pteroyl-aspartic acid) 0.1 mg. 
Amino-alan-fol (4-amino-pteroyl-alanine) 0.1 mg. 
Amino-treo-fol (4-amino-pteroy]l-threonine) 0.1 mg. 
Teropterin (pteroyl-triglutamic acid) 0.04 mg-gBW 
Folic acid (pteroyl-glutamic acid) 0.1 mg. 


* Milligrams per gram body weight. 


TABLE 2 
EFFECT OF POTASSIUM ARSENITE, URETHAN, AND FOLIC ACID ANTAGONISTS ON 
SURVIVAL TIME IN MYELOID LINE 15, TRANSFER GENERATIONS 13 TO 33 
(Treatment begun 24 hours after transfer of leukemia) 


MICE sUR- 

NuM- SURVIVAL IN DAYS VIVING MORE 
BER OF THAN No. 

MICE COMPOUND Range Average 37 DAYS* NEGATIVE 
99 Control 16-37 23 () ] 
37 Potassium arsenite 29-100F 85T 33 25 
27 Ethyl urethan 26-78 48 20 (0 
Folic acid antagonists 

18 aminopterin 16-50 34 7 0 
23 amethopterin 21-61 30 3 0) 
22 aninopterin 19-33 26 0 0 
8 bremfol 19-31 24 0 0 
9 an-fol-R 21-40 28 l 0) 
6 met-fol-B 18-31 25 0 0 
6 amino-an-fol 21-27 25 0) 0 
6 folic acid 17-29 23 0) 0 
12 teropterin 24-38 28 l 0 


* Longest control survival, 37 days. 
+ In computing averages, mice surviving 100 days or more were considered as surviving 100 days. 
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Fohe acid antagonists were essentially without The only fohe acid antagonist: which delayed 
effect on myeloid line X. Survival was increased, the development of myeloid line 765 was aminop- 
however, when mice were treated with either po- — terin, but it was no more effective than ethyl ure- 
tussium arsenite or ethyl urethan. The develop- than. Potassium arsenite was more effective than 
ment of leukemia was inhibited in five of twenty either, the development of the disease being in- 
cases treated with potassium arsenite, and in two hibited in six of eleven mice, and all treated mice 
of thirteen treated wth ethyl urethan (see ‘Fable surviving longer than any untreated control (see 
+). Table 5). 


TABLE 8 


EFFECT OF POTASSIUM ARSENTTE, URETHAN, AND FOLIC ACLD ANTAGONISTS ON 
SURVIVAL TIME IN MYELOLD LINE 686, TRANSEER GENERATIONS 7 TO 26 
(Treatment begun 24 hours after transfer of leukemia) 


Mick suK 
SURVIVAL IN DAYS VIVING MORE 
NuM- CHAN No. 
OF MICE COMPOUND Range Average b4 pays* NEGATIVE 
58 Control 20-44 27 0) 0) 
21 Potassium arsenite $4 100F 75t 1G V1 
12 Ethyl urethan 19-87 43 5 0 
Fohe acid antagonists 

o aminopterin 25-100F 457 | l 
10 amethopterin 22-31 25 0 0 
3 aninopterin 222A 24 0 0 

$ amino-alan-fol 22-26 27 0 0 

$ amuno-treo-fol 21-81 25 0 0 


* Longest control survival, 44 days. 


t In computing averages, mice surviving LOO days or more were considered as surviving LOO days. The 
single negative mouse on aminopterin tnereases the “average survival.” 


TABLE 4 
EFFECT OF POTASSIUM ARSENITE, URETHAN, AND FOLIC ACID ANTAGONISTS ON 
SURVIVAL TIME IN MYELOLD LINE AX, TRANSFER GENERATIONS 6 TO 14 
(Treatment begun 24 hours after transfer of leukemia) 


Mick sur- 
NuM- SURVIVAL IN DAYS VIVING MORE 
BER THAN No. 
OF MICE CoMPOUND Range Average 36 pays* NEGATIVE 
25 Control 14-386 25 0 0 
20 Potassium arsenite 23—100F GST 19 5 
13 Ethyl urethan 34-100F GIT 12 2 
Folie acid antagonists 
12 aminopterin 22-46 27 2 0 
ll. amethopterin 22-32 28 () () 
4 aninopterin 18-44 27 l 0 


* Longest control survival, 36 days. 


+ In computing averages mice surviving 100 days or more were considered as surviving 100 days. 
TABLE 5 
EFFECT OF POTASSIUM ARSENITE, URETHAN, AND FOLIC ACID ANTAGONISTS ON 
SURVIVAL TIME IN MYELOID LINE 765, TRANSFER GENERATIONS 3 TO 8 
(Treatment begun 24 hours after transfer of leukemia) 





MIcE suUR- 
Nun- SURVIVAL IN DAYS VIVING MORE 
BER THAN No. 
OF MICE CoMPOUND Range Average 29 pays* NEGATIVE 
18 Control 16-29 23 0 0 
11 Potassium arsenite 35—-100T 78T 11 6 
11 Ethyl urethan 31-54 39 11 0) 
Folic acid antagonists 
5 aminopterin 30-53 38 5 0 
10 amet hopterin 22-29 27 0 0 
7 aninopterin 20-37 27 2 0 
3 amino-alan-fol 24-27 26 0 0 
3 amino-treo-fol 23-27 25 0 0 


* Longest control survival, 29 days. 


+ In computing averages, mice surviving 100 days or more were considered as surviving 100 days. 
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Lyin phord leukemias. Wf treatment of lymphoid 
line 876 was begun 24 hours after transfer, ame- 
thopterin was more effective than either potassium 
arsenite or urethan. When treatment was delayed 
until 5 or 10 days after transfer, then the effective- 
ness of amethopterin was reduced. When the mice 
were leukemic at the time transfer was instituted, 
that is, 10 days after transfer, amethopterin was 
actually without effect (see Table 6). 

In transfer generations 2 and 3 of lymphoid line 
876, when the average control survival was 36 
days (average of 12 days in generations 16 through 
24), all the drugs tested had an appreciably greater 
effect than in the later transfer generations. When 
treatment was begun 24 hours after transfer, all 
twelve mice given potassium arsenite survived 


longer than controls. Amethopterin again delayed 
the development of leukemia to a greater extent 
than either of the preceding agents (see Table 8). 

Although line 100 is a lymphoid transfer line, 
potassium arsenite and ethyl urethan exerted an 
inhibiting effect which was greater than that 
demonstrated by the folic acid antagonists (see 
Table 9). In the other three lymphoid lines the 
folic acid antagonists were effective, whereas in 
line 100 none appeared to exert any significant 
Influence on survival time. 


DISCUSSION 
Different transfer lines of leukemia of the F 
strain exhibited individual responses to chemical 
agents. Response of lines could be correlated usu- 


TABLE 6 


KereCT OF POTASSIUM ARSENITE, URETHAN, AND A FOLIC ACID ANTAGONIST, 
AMETHOPTERIN, ON SURVIVAL TIME IN LYMPHOID LINE 876, 
TRANSFER GENERATIONS 16, 17, AND 24 
(Treatment begun 24 hours after transfer of leukemia, except where otherwise indicated) 


NUMBER 

OF MICK COMPOUND 
17 Control 
10 Potassiumarsenite 
5 (D5)t . 

5 (D10)t " 
10 Kthyl urethan 
14 Amethopterin 

5 (D5)t ” 

5 (D10)f . 


* Longest control survival, 14 days. 
t Treatment begun 5 days after transfer. 
t Treatment begun 10 days after transfer. 


longer than any control, and five mice did not deé- 
velop leukemia. Seven of ten treated with ethy! 
urethan lived beyond any control, one remaining 
free of disease. Of nineteen treated with amethop- 
terin, all survived beyond controls; seven did not 
develop leukemia. 

For lymphoid transfer line 926, when treatment 
was begun 24 hours after transfer, amethopterin 
exerted a greater effect in delaying the develop- 
ment of transplanted leukemia than either potas- 
sium arsenite or ethyl urethan. The effect of ame- 
thopterin was reduced when treatment was begun 
8 days after transfer. Amethopterin was the most 
effective of the folic acid antagonists used. In early 
(T's) as well as later (T3s, T42, Tus) transfer genera- 
tions amethopterin was the most effective agent 
(see Table 7). 

As in lymphoid lines 876 and 926, potassium 
arsenite and ethyl urethan were ineffective on 
lymphoid line 794 (contrasted with the effect on 
the myeloid lines) in appreciably increasing sur- 
vival time, although treated mice did live slightly 


Mick suK- 
SURVIVAL IN DAYS VIVING MORE 
THAN No. 
Range Average 14 pays* NEGATIVE 
10-14 12 () () 
15-22 17 6 
14-25 16 | Q) 
14-25 16 2 0) 
1 2—28 18 ra | 
20-33 25 14 2 
14-21 18 3 0) 
14 14 0 () 


ally with their lymphoid or myeloid nature. Po- 
tassium arsenite either delayed or completely in- 
hibited the development of the four myeloid lines 
tested when treatment was begun 24 hours after 
transfer. But the same drug was relatively ineffec- 
tive on three of four lymphoid lines. Compared to 
potassium arsenite, the folic acid antagonists had 
relatively little effect on increasing survival time 
in the myeloid transfer lines. On the other hand, 
amethopterin, a folic acid antagonist, was more 
effective in three of the four lymphoid lines tested. 
This inhibitory action was apparent, however, 
only when treatment was begun within a few days 
after transfer effected by intraperitoneal inocula- 
tion of leukemic cells. If administration of the 
chemical was begun as much as 8 days after trans- 
plantation (average survival in controls 12 days), 
then survival did not significantly exceed that of 
untreated controls. When tested under optimum 
conditions, that is, beginning treatment 24 hours 
after transfer, in a responsive line of leukemia, 
aminopterin and amethopterin exerted more in- 





TABLE 7 
KFFECT OF POTASSIUM ARSENITE, URETHAN, AND FOLIC ACID ANTAGONISTS 
ON SURVIVAL TIME IN LYMPHOID LINE 926 
(Treatment begun 24 hours after transfer except where otherwise indicated) 


Mice sUR- 
NUMBER SURVIVAL IN DAYS VIVING MORE No. 
OF MICE ComMPpouND Range Average THAN: NEGATIVE 


‘TRANSFER GENERATIONS 38S AND 46 


15 days* 


i Control 10-15 12 0 0 
6 Potassium arsenite 16-18 17 2 0 
10 Ethyl urethan 16-27 22 5 () 
14 Amethopterin 20-39 $2 14 QT 
10 (D4) ft ’ 21-34 Qs 10 () 
9 (D8)§ 15-21 18 $ 0 


TRANSFER GENERATION 42 


IS days* 


5 Control 12-18 15 0 0 
5 Amethopterin 27-49 37 5 0) 
5 (D4) . 21-32 26 5 () 
5 Bremfol 12-18 15 0 0 
5 Amino-an-fol 18-26 23 } 0 
5 An-fol-R 12-19 14 | 0) 
TRANSFER GENERATION 3 
21 days* 
f Control 14-21 19 0) () 
4 Potassium arsenite 20-26 22 2 0 
5 Ethyl urethan 20-27 24 4 0) 
4 Aminopterin 19-29 21 l 0) 
0 Amethopterin 30-41 37 5 0) 


* Longest control survivals, 15, 18. and 21 days. 
+ Two negative animals died 24 and 27 days after transfer. 
{ Treat ment begun 4 days after transfer. 


§ Treatment begun 8 days after transfer. 


TABLE 8 
EFFECT OF POTASSIUM ARSENITE, URETHAN, AND A FOLIC ACID ANTAGONIST, 
AMETHOPTERIN, ON SURVIVAL TIME IN LYMPHOID 
LINE 794, TRANSFER GENERATION 3 
(Treatment begun 24 hours after transfer of leukemia) 





Mice suR- 
NuM- SURVIVAL IN DAYS VIVING MORE 
BER THAN No. 
OF MICE COMPOUND Range Average 17 pays* NEGATIVE 
4 Control 14-17 16 0 0) 
5 Potassiumarsenite 22-29 24 5 0) 
5 Ethyl urethan 21-29 24 5 () 
5 Amethopterin 18-43 31 5 0) 


* Longest control survival, 17 days. 


TABLE 9 


EFFECT OF POTASSIUM ARSENITE, URETHAN, AND FOLIC ACID ANTAGONISTS ON 
SURVIVAL TIME IN LYMPHOID LINE 100, TRANSFER GENERATIONS 3 TO 7 
(Treatment begun 24 hours after transfer of leukemia) 


NUM- 


BER 


OF MICE 


24 
11 
10 


8 
2 


3 
3 
3 


* Average control survival. 35 days. 


CoMPOUND 


Control 


Potassium arsenite 


Ethy! urethan 


Folic acid antagonists 


aminopterin 

amethopterin 

amino-an-fol 
an-fol-R 
met-fol-B 


SURVIVAL IN DAYS 


Range 
21-92 
35-100T 
46-91 


25-46 
33-45 
28-36 
26-36 
29-36 


Average 


35 
727 
69 


34+ 
39 
32 
30 
33 


MICE sUR- 
VIVING MORE 


THAN 
35 pays* 


7 
11 
10 


No. 
NEGATIVE 
0 
4 
0 


0 
Q 
0 
0 
0 


+ In computing averages, mice surviving 100 days or more were considered as surviving 100 days. 
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hibitiug action than the other folic acid antago- 
nists. In no instance, however, were these agents 
as effective for a lymphoid line as was potassium 
arsenite for all of four myeloid lines. Using “‘effee- 
tive’ doses of aminopterin and amethopterin 
resulted in the death of many test animals before 
they became leukemic, although the survivors 
maintained their body weight almost as well as 
controls. 

The extent to which inhibition of the develop- 
ment of transplanted leukemia is a critical means 
of assaying the therapeutic efficiency of chemical 
agents 1s debatable. Only certain lines are suscepti- 
ble to specific agents, and in these leukemias in- 
hibitory action is demonstrable only during the 
period preceding generalized infiltration by leu- 
kemic cells. Although colchicine induced regres- 
sion of locally established transplanted lympho- 
sarcomata (1, 11), this drug was ineffective upon 
the widely disseminated lymphoid neoplasm (11). 

Early transfer generations of certain lines of leu- 
kemia (876, 868) were “indiscriminately” sensitive 
to several agents, although later transfers were not 
significantly affected. Twelve out of fifteen mice of 
the second transfer generation of line 868 did not 
develop leukemia when treated with either ethyl 
urethan, potassium arsenite, aminopterin, or ame- 
thopterin. Sixteen of 49 in the second and third 
transfers of line 876 were negative, although all of 
14 animals of generations 16 and 17 which were 
similarly treated developed leukemia. 

The reason for inhibition by certain agents is 
not understood. Lengthening of the latent period, 
or complete inhibition, might result from destruc- 
tion of leukemic cells which are very sensitive to 
the drug during the few days following their inocu- 
lation to effect transfer. The inhibiting effect is 
significant, since it is not associated with all drugs. 
Certain arsenicals and carbamates not far removed 
chemically from potassium arsenite (e.g., arsenic 
acid) and ethyl urethan (e.g., methyl carbamate) 
have proved to be relatively ineffectual. 

Although line 15 was completely inhibited by 
potassium arsenite in a majority of the cases when 
treatment was begun 24 hours after transfer, cer- 
tain animals developed leukemia. When cells from 
such leukemic mice were used for transfer the 
response to potassium arsenite was the one ordi- 
narily observed, indicating that the cells upon first 
transplantation from a treated mouse were not 
resistant to the drug. These studies are being 
extended. 

In treating continuously with the various agents 
it became apparent that survival periods for mice 
in any transfer line were usually similar after the 
spleen had become palpable, even though treat- 
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ment was maintained. The effect of any agent was 
to prevent or delay the development of the disease; the 
course of the full-blown disease was not altered. 

Other investigators have described the inhibi- 
tion of certain transfer lines of leukemia by the 
administration of folic acid antagonists (2, 10). In 
their studies the inhibitory action was almost 
‘line specific,” certain transfer lines being refrac- 
tory to “effective” agents. These studies were done 
on animals in which treatment was begun no more 
than 4 days after transplantation. When other 
neoplasms have been inhibited by this group of 
chemicals, treatment was begun shortly after 
transplantation (13, 14). Therapy probably inter- 
fered with the establishing of the tumor-host rela- 
tionship which allows for proliferation of trans- 
planted cells. 


SUMMARY 

Certain folic acid antagonists, including ami- 
nopterin and amethopterin, either failed to in- 
crease survival time or were less effective than po- 
tassium arsenite and ethyl! urethan on four transfer 
lines of myeloid mouse leukemia of the F strain. 
The chemicals were administered daily in maxi- 
mum tolerable doses. Treatment was begun 24 
hours after transplantation effected by intraperi- 
toneal inoculation of 1,000,000 leukemic cells. 

In certain lymphoid transfer lines, amethop- 
terin, a folic acid antagonist, increased survival 
time to a greater extent than either potassium ar- 
senite or urethan. This inhibiting action was not 
demonstrable, however, when treatment was be- 
gun 8 days after transplantation, untreated con- 
trols surviving 10-14 days. Thus, certain agents 
which increase survival time in specific trans- 
planted leukemias do not affect the course of the 
disease once the organs are generally infiltrated 
with leukemic cells. The effectiveness of specific 
agents is probably due to a delay in the establish- 
ment of the usual leukemic cell-host relation of 
successful transplants. 

The inhibiting action of these specific agents on 
transplanted leukemia has some pharmacologic 
significance, since even closely related chemicals 
may be ineffective. 
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The Effect of Protein Depletion on the Host Response to 
Transplantable Rat Tumor Walker 256 


JOHN W. GREEN, Jr., M.D., Ear P. Benpirr, M.D., ann 
ELEANOR M. Humpnureys, M.D. 


(From the Department of Pathology, University of Chicago, Chicago 37, Ill.) 


INTRODUCTION 

The nutritional state of the host has been estab- 
lished as an important factor in the growth of 
transplantable rat and mouse tumors (7, 11) and 
in the induction and spontaneous occurrence of 
several types of mouse tumors (7, 8, 12, 13, 16). It 
has been shown that transplantable tumors in the 
mouse grow at the expense of body nitrogen if in- 
sufficient dietary nutrition is available (14, 15). In 
addition to the influence of the host on the tumor, 
several changes in the host have been described 
that apparently result from the presence of a 
transplantable or induced tumor. The livers of 
tumor-bearing rats have been shown to increase In 
weight (6, 18) and water content (6, 9, 10). In- 
creased blood water content has also been de- 
scribed (9). Transplantable granulosa-cell tumors 
in the mouse may cause an increase in blood vol- 
ume (4). The present experiments were undertak- 
en to study the liver water and blood volume 
changes simultaneously in the tumor-bearing rat, 
and to determine if the host response to the tumor 
could be modified by protein depletion. 


MATERIALS AND METHODS 

Young male rats of the Sprague-Dawley strain 
ranging in weight from 200 to 225 gm. were used 
in these experiments. Protein depletion was ac- 
complished by the method of Cannon and his 
group (17). This consisted of feeding a diet ade- 
quate in all nutritional factors but protein for 8-12 
weeks, until the animals had lost 25—35 per cent of 
their pre-depletion body weight. The depletion 
diet! contained about 2 per cent protein as carrots, 
brewer’s yeast, and liver powder concentrate, and 
it was adequate in vitamins, minerals and calories. 


' Composition per 100 grams of diet: carrots, 30 gm.; ruffex, 
5 gm.; lard, 4 gm.; cornstarch, 44 gm.; O and M salt mix 
(modified), 4 gm.; brewer’s yeast, 2 gm.; liver concentrate, 
1 gm.; water, 10 cc.; riboflavin, 500 y; pyrodixine HCl, 200 
y; calcium pantothenate, 200 y; choline chloride, 100 mg.; 
vitamin A, 200 USP units; vitamin D, 29 USP units. 


Received for publication July 25, 1950. 
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Nondepleted control rats of the same age were 
maintained on a high protein casein diet? or Purina 
Laboratory Chow until the experiments were be- 
gun. During the experimental period, synthetic 
diets were used. The depleted animals were fed a 
low protein diet that contained less than 1 per cent 
of protein. The nondepleted animals were fed a 
22 per cent casein diet.* These diets were isocalor- 
ic. They were fed at a level of 15 gm/rat/day, but 
the depleted animals did not consume all their 
daily ration. Because of the difference in consump- 
tion between depleted and nondepleted animals, 
their caloric intake was not directly comparable. 
The presence of the tumor in both depleted and 
nondepleted animals did not have any pronounced 
effect on diet consumption compared with their 
respective controls. 

The tumor used in these experiments was the 
transplantable Walker tumor 256, which was inocu- 
lated in 0.2-ee. amounts of a sterile saline suspen- 
sion into the skin of the back. The details of the 
technic are given elsewhere (5). Beginning on the 
fourth day after transplantation and extending 
until the fourteenth day, the tumors were meas- 
ured in three dimensions by calipers to obtain an 
estimate of the volume. The estimates of tumor 
volume were plotted on log-log graph paper to ob- 
tain straight line growth curves. In this way the 
slopes of the curves of different experiments could 
easily be compared. The experimental period 

2 Composition per 100 grams: identical with the depletion 


diet, except that 22 gm. of vitamin test casein replaced 22 gm. 
of cornstarch. 


3 Composition per 100 grams: dextrin, 71 gm.; ruffex, 5 gm.: 
O and M salt mix (modified), 4 gm.; corn oil, 4 gm.; water, 
13.3 ec.; choline chloride, 200 mg.; thiamin, 540 y; riboflavin, 
1,080 y; niacin, 2,840 y; pyridoxine HCl, 640 y; calcium 
pantothenate, 1,750 y; vitamin A, 400 USP units: vitamin D, 
60 USP units. 


4Composition per 100 grams: dextrin, 49.6 gm.; ruffex 
5 gm.; O and M salt mix (modified), 4 gm.; corn oil, 4 gm.; 
water, 11.17 cc.; casein (vitamin test), 23.53 gm. Vitamins are 
identical with those listed in footnote 3. 
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lasted for 14 days after the inoculation of the 
tumors. 

On the day of inoculation of the tumors, de- 
pleted and nondepleted animals of the same age 
and nutritional state as the experimental animals 
were sacrificed as base-line controls after serum 
protein concentration and hemoglobin concentra- 
tion had been obtained. On the fourteenth day of 
tumor growth, the serum protein concentration, 
blood volumes, and hemoglobin concentration 
were determined in both tumor-bearing and non- 
tumor-bearing animals which then were sacrificed 
by exsanguination after light ether anesthesia. The 
tumors and liver were excised and weighed, the 
gastro-intestinal tract was excised and cleaned of 
retained food and fecal material. The carcass 
weight was obtained by including the cleaned gas- 
tro-intestinal tract with the carcass and remain- 
ing viscera. Duplicate samples of liver and tumor 
were analyzed for water, fat, water-soluble frac- 
tion content, and protein residue by a rapid gravi- 
metric method.® The water content was deter- 
mined by drying to a constant weight at 70° C., 
the fat content by hot extraction by commercial 
absolute aleohol followed by cold ether extraction. 
The water-soluble fraction was obtained by water 
extraction at 70° C. after the removal of alcohol 
and ether-soluble material. The residual dried 
sample consisted of “‘protein residue.’ The gravi- 
metric method protein, as determined by the 
Kjehldahl method, using the factor N X 6.25, 
ranged between 90 and 95 per cent of the “‘protein 
residue.’ In the data presented, the results of the 
liver analysis are expressed in per cent, corrected 
for the fat-free weight of the liver. Previous exper- 
iments have shown that fat is the most variable 
component, and comparability of values of non- 
lipid constituents is attained when expressed on a 
fat-free basis. 

Carcass analysis was performed by a similar 
procedure. The protein residue values include the 
ash content of the carcasses and are expressed as 
fat-free dry weight. 

Serum protein concentration was determined by 
the falling drop method (1) and hemoglobin con- 
centration with the Dick-Stevens hemoglobin- 
ometer. The total blood volumes and plasma vol- 
umes were determined by the Benditt et al. modi- 
fication of the Evans blue dye technic for rats (2). 

The data from two separate experiments were 
pooled and combined in the final evaluation of re- 
sults, since both procedures and results were com- 
parable in each separate experiment.® 


*>E. M. Humphreys, to be published. 


6 L. J. Savage, personal communication. 


EXPERIMENTS AND RESULTS 

The results are summarized in Table 1. 

Effect of protein depletion on the growth of Walker 
256 tumor.—Protein depletion of the host had a 
profound effect on the growth of the tumor. The 
maximum tumor weight obtained in the depleted 
animals was 7.04 gm., compared with a maximum 
of 31.72 gm. in the nondepleted group. The state 
of the host apparently did not affect the rate of 
growth of the tumors but only prolonged the la- 
tent period.’ Figure 1 is a graph of the separate 
growth curves defined by plotting the estimated 
volumes of the tumors against time. It can be 
seen that, although the tumors from depleted ani- 
mals were always smaller, the slope of the points 
was approximately the same. 

Comparison of the chemical analyses of the tu- 
mors from depleted and nondepleted animals re- 
vealed a significant lowering of protein content of 
the depleted tumors compared to those of the non- 
depleted animals. Tumors from depleted animals 
showed consistently less necrosis in their center 
and hence had less extra-vascular leakage of blood 
and plasma. 

Effect of protein depletion on changes in liver com- 
position associated with Walker 256 tumor.—The 
presence of the tumor in nondepleted rats was as- 
sociated with a gross increase in liver wet weight 
compared with nontumor-bearing animals. The 
mean weight of the livers from tumor-bearing rats 
was 8.27 gm., compared with the nontumor-bearing 
control liver weight of 6.53 gm. This increase in 
liver wet weight was not observed in the depleted 
tumor-bearing animals. These did not differ signi- 
ficantly from the depleted controls, as is shown in 
Table 1. 

Associated with the increased wet weight of the 
livers of the nondepleted tumor-bearing animals, 
there was an increased water content; this was 
76.03 per cent compared to 74.28 per cent for the 
controls. The livers of all depleted animals showed 
a higher water content than those of the nonde- 
pleted group; however, those from tumor-bearing 
animals also had a greater water content than 
those from the controls—78.91 per cent, compared 
to 77.3 per cent. 

The liver protein residue was reduced in the 
presence of the tumor in both depleted and non- 
depleted animals. The values were 20.38 per cent 
for the nondepleted tumor-bearing animals, com- 
pared to 22.53 per cent for the controls. Depleted 
tumor-bearing and control protein residues were 
17.23 per cent and 18.94 per cent, respectively. 

The water-soluble fraction of the liver was 

7 Latent period as used here means the time after inocula- 
tion of the tumor until it is palpable. 
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slightly increased in the nondepleted tumor-bear- 
ing animals only. No difference was noted in the 
depleted animals. Analysis for fat revealed a slight 
increase in the tumor-bearing nondepleted ani- 
mals. Fat levels were similar in the livers of de- 
pleted animals with and without tumors. 

Effects of the Walker tumor on blood volume and 
plasma protein.—In the nondepleted tumor-bear- 
ing rats, there was a consistent Increase in plasma 
volume. The mean plasma volume was 10.86 cc., 
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Fic. 1.—Plot of tumor growth (log-log scale). The trian- 
gles and circles represent various experiments. It can be seen 
that all points fall along approximately straight and parallel 
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as compared to 9.11 cc. for the controls. The red 
cell volume and hemoglobin concentrations were 
diminished. Associated with the increased plasma 
volume, there was a decrease in serum protein con- 
centration, although the total circulating serum 
protein was not affected. In the protein-depleted 
rat the presence of a tumor had no effect on the 
plasma volume response, and there was no change 
in the red cell volume or hemoglobin concentra- 
tion. However, the serum protein concentration 


es 


and total circulating serum protein were dimin- 
ished in the tumor-bearing depleted animals. 

Effect of protein depletion on the carcass of tumor- 
bearing rats.—Presence of the tumor did not con- 
sistently alter the chemical content of the carcass 
of either the depleted or nondepleted animals, ex- 
cept for a diminution of carcass protein residue 
and wet weight in the depleted group. 





DISCUSSION 

The protein-depleted state has a profound effect 
on many physiological activities. Since a tumor- 
bearing animal on a low protein diet has a strictly 
limited exogenous source of protein and is in nega- 
tive nitrogen balance, it must supply the require- 
ments of the tumor by depleting its own tissues. It 
is not surprising that the maximum size of the tu- 
mors is much smaller than those in nondepleted 
hosts. With the smaller tumors in the depleted ani- 
mals one might expect a less profound effect of the 
tumor upon the host. This is seen in these experi- 
ments by the failure of the liver to increase in 
weight in the depleted tumor-bearing animals and 
by the failure of the tumors to elicit an increased 
plasma volume and hemodilution. It is possible 
that our methods failed to detect minor changes in 
plasma volume. 

The effect produced on the host may be a simple 
function of the mass of the tumor. Yeakel (18) 
noted that the weight of the livers of tumor-bear- 
ing rats was a function of tumor weight and body 
length and that the effect was greater in females 
than in males. McEwen and Haven (6) observed a 
significant increase in the percentage of water in 
the livers of rats bearing the Walker 256 tumor. A 
critical tumor weight of 10 gm. or more was thought 
to be necessary before liver water content was in- 
creased. Schlottman and Rubenow (9) found a 
higher percentage of water in the livers of rats 
bearing the Jensen sarcoma and the Flexner car- 
cinoma. In their experiments the increased liver 
water was associated with an increased water con- 
tent of the blood, while the wet weight of the livers 
was not increased. The present study has con- 
firmed the increase in liver water of tumor-bearing 
rats, both depleted and nondepleted. Our experi- 
ments have shown that the water content of the 
rat liver was increased in nondepleted rats with 
large tumors and in depleted animals whose mean 
tumor weight was less than 5 gm. 

Furth and Sobel (4) reported that greatly in- 
creased blood volume occured in mice bearing 
some types of granulosa-cell tumors. They found 
an absolute increase in both plasma and red 
cell volume and suggested that the hypervolemia 
might be related to a substance elaborated 
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by the granulosa cells of the tumors. Mice 
bearing Mammary tumors of the same size or 
leukemia did not show the increase in blood vol- 
ume. In the present study increased plasma vol- 
ume with decreased red cell volume was observed 
only in the nondepleted tumor-bearing rats. The 
determining factor here may be tumor size, since 
the tumors in the depleted animals were much 
smaller. The increased plasma volume does not 
appear to be a compensatory mechanism for the 
lowering of serum proteins, but rather a phenome- 
non of hemodilution, since the total circulating 
serum protein was not significantly changed. 

The lowering of the liver protein residue in both 
depleted and nondepleted tumor-bearing animals 
is to be expected, since the liver is a ready source 
of immediately available protein. In the depleted 
animals, the carcass appears to supply the majori- 
ty of the protein for tumor protein synthesis. Ob- 
viously, the high protein intake provided a pri- 
mary source in the nondepleted animals. 

There 1s a significant difference in protein resi- 
due of the tumors of the depleted and nondepleted 
hosts. The tumors from depleted animals appear 
to contain less protein (Table 1). The cause of this 
difference 1s not apparent, but 1t seems likely that 
more necrosis and hence more leakage of blood 
into large tumors would give them an apparently 
higher total protein content. 

Statistical correlation of the important vari- 
ables in these experiments clarifies these differ- 
ences (3). The pooled correlation for all depleted 
and nondepleted animals of the liver weight with 
the plasma volume, tumor weight, or carcass 
weight was approximately the same: 0.562, 0.565, 
and 0.548, respectively. The plasma volume was 
highly correlated with the tumor weight (0.669) 
and showed essentially no correlation with the car- 
cass weight (0.297), nor was the tumor correlated 
with the carcass weight (— 0.0349). By partial cor- 
relation it was found that the correlation of plasma 
volume and weight of the tumor increased to 0.710 
at constant carcass weight. This analysis indicates 
that the plasma volume and the liver water 
changes are closely related to the presence of the 
tumor. The increased plasma volume in the ani- 
mals bearing large tumors may simply be an at- 
tempt to keep full the rapidly expanding vascular 
bed of the tumor, and the increment may approxi- 
mate the volume of the vascular bed of the tumor. 
Other factors which might cause a rise in plasma 
volume by hormonal mechanisms cannot be ex- 
cluded. About 75 per cent of the difference in liver 
weight between nondepleted tumor-bearing and 
control rats is due to the increased water content 
of the livers of the tumor-bearing rats. 


SUMMARY 

The effects of protein depletion on tumor growth 
and the response of the host to the presence of 
transplantable Walker 256 tumor were studied in 
rats. Protein depletion had a profound effect on the 
growth of the tumor in a 14-day period. Tumors in 
rats depleted of protein were less than one-fourth as 
large as those in nondepleted rats. The primary ef- 
fect seemed to be on the latent period of the tumors 
of the depleted animals, since the relative rates of 
growth of tumors in depleted and nondepleted 
rats were comparable. In the nondepleted tumor- 
bearing animals, there was an increased plasma 
volume, liver wet weight, and increased water con- 
tent of the liver. The presence of the tumor in the 
depleted host did not cause an increase in plasma 
volume or liver wet weight, but it was associated 
with an increased water content of the liver. Total 
circulating serum protein was not altered in con- 
junction with the increased plasma volume of the 
nondepleted rats. The concentration of liver pro- 
tein was decreased in both the nondepleted and 
depleted tumor-bearing animals. 
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Production of Neoplasms by Injection of Fractions 





of Mammalian Neoplasms” 


JosEPH STASNEY, M.D., A. Cantrarow, M.D., AND Kart E. Pascukis, M.D.7 


(From the Division of Endocrine and Cancer Research, Jefferson Medical College, Philadelphia, Pa.) 


The discovery that certain tumors may be in- 
duced in certain species by viruses led to attempts 
to transmit mammalian tumors by injection of 
cell-free preparations. Taylor and _ co-workers 
(7, 8) claimed success with such material, but 
others failed to corroborate their findings (2, 9). 
We are aware of no previous report of transmission 
of a mammalian neoplasm by injection of isolated 
cytoplasmic or nuclear components of tumor cells.! 


MATERIALS AND METHODS 
Two types of tumor were employed: (a) 2- 
acetaminofluorene-induced hepatomas in rats and 
(b) the Murphy rat lymphosarcoma. 


AAF-1npucEp HEPATOMAS 


Hepatomas were induced in male Wistar rats 
by feeding 2-acetaminofluorene (3). Tumor tissue 
was obtained either from single large hepatomas 
or from several pooled smaller tumors. 

Preparation of mitochondria fraction.—Five to 
8 gm. of tissue was homogenized in a refrigerated 
Waring Blendor in a cold-room (2°—4° C.), under 
aseptic conditions, in either 0.85 per cent NaCl 
solution or 0.88 m sucrose solution (dilution 1:10). 
The material was fractionated in a refrigerated 
centrifuge by the differential centrifugation tech- 
nic of Claude (4) as modified by Hogeboom e¢ al. 


* This work was supported by research grants from the 
National Cancer Institute of the National Institutes of Health, 
Public Health Service, and from the American Cancer Society 
on recommendation of the Committee on Growth of the 
National Research Council. 

A preliminary report was presented at the meeting of the 
American Association for Cancer Research, Detroit, April 17, 
1949 (Abstr., Cancer Research, 9:617, 1949). 

t From the Department of Pathology, the Department of 
Biochemistry, and the Departments of Physiology and Medi- 
cine, respectively. 

! While this manuscript was in press, a publication by Hans 
Lettré (Die Naturwissenschaften, 14:335—36, 1950) came to 
our attention, in which was reported the production of mouse 
ascites tumor by intraperitoneal injection of “‘plasma granules,” 
purported to be mitochondria, and of the “‘granule-free”’ cells, 
independently of each other. No tumors followed injection of 
either material alone. 


Received for publication July 27, 1950. 


(6). Cell remnants, nuclei, and erythrocytes were 
removed by centrifuging the homogenate at 
600 g for 10 minutes. This procedure was repeated 
twice, the sediment being discarded and the super- 
natants pooled. 

The mitochondria fraction was isolated by cen- 
trifuging the pooled supernatant at 24,000 g for 20 
minutes; the sediment was resuspended in NaCl 
or sucrose solution and recentrifuged at 24,000 g 
for 20 minutes. 

Smears and _ sections of paraffin-imbedded 
preparations were made from every sample of this 
fraction. These were stained with Janus green B 
and Mallory’s phosphotungstic acid-hematoxylin 
stain, respectively. 

One hundred gm. of normal liver was fraction- 
ated in the same manner, the mitochondria frac- 
tion was suspended in 0.85 per cent NaCl solution 
containing a little methylene blue, and the en- 
tire sample was examined carefully in a_ blood- 
counting chamber. 

Preparation of chromatin fraction.— Under asep- 
tic conditions, 20-30 gm. of tissue was ground 
with an equal weight of beach sand for 5 minutes, 
with 100 cc. of buffered (pH 7.4) 0.9 per cent NaCl 
solution added progressively. The triturated mix- 
ture was passed through a double layer of gauze 
and transferred to centrifuge tubes. The subse- 
quent procedure was that of differential centrif- 
ugation described by Claude and Potter (5). 

The following experimental procedures were 
employed, under aseptic conditions: 

1. Saline suspensions of intact tumor cells 
(0.2-0.3 ml.) were injected into the liver in 23 
normal adult Wistar rats at laparotomy under 
ether anesthesia. The surface opening was sealed 
with Oxycel. 

2. The mitochondria fraction was injected in 
the same manner, suspended in saline in 45, and 
in sucrose in 73, cases. 

3. The chromatin fraction, suspended in 0.2—0.3 
ml. saline, was injected in the same manner In 
fifteen animals. 

4. Similar preparations of normal liver cells 
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were Injected in the same manner in 23 animals. 

5. Crystals of 2-acetaminofluorene, approxi- 
mately 0.5 mg., were suspended in rat plasma, 
which was subsequently coagulated and implanted 
in the liver in twelve rats. 

All animals were sacrificed after 12-98 days. 

Mureuy Rat Lymenosarcoma’(10) 

Actively growing tumors were obtained from 
Dr. Murphy and were continued by transplanta- 
tion in our animal colony (Wistar-Carworth rats). 

Three types of preparation of this tumor were 
employed: 

I. Suspensions in l-ml. 0.85 per cent NaCl 
solution of intact cells representing approxi- 
mately 250 mg. of tumor tissue. 

2. Suspensions in 1- or 2-ml. NaCl solution of 
the mitechondria fraction obtained from 20-40 
gm. of tissue. 

3. Suspensions in 1- or 2-ml. NaCl solution of 
the chromatin fraction obtained from 20-40 gm. 
of tissue. 

Cell suspensions and chromatin fractions were 
prepared also from several of the tumors which 
developed after subcutaneous injection of the 
chromatin fraction of the original tumor. 

These preparations (1 ml.) were injected sub- 
cutaneously (groin), and into the spleen, bone 
marrow, and thymus, the number cf animals used 
in each case being indicated in Table 2. Intact cell 
suspensions were also injected into the liver in 
three animals (not indicated in the table). 

The following procedures were employed in an 
attempt to establish the “purity” of the chromatin 
fraction—especially to eliminate, in so far as was 
possible, the possibility of contamination with 
intact cells: 

1. Smears were made of a portion of each in- 
jected chromatin fraction. These were stained 
with toluidine-blue, Wright’s stain, and by the 
Feulgen technic. 

2. Suspensions were made, in I-ml. NaCl solu- 
tion, of intact tumor cells, ranging in number from 
500 to 6,000,000, counted in a_blood-counting 
chamber. These were injected subcutaneously in 
an attempt to ascertain the approximate number 
of cells and the time required to produce a tumor 
of the size obtained with the fractionated material. 

3. Eighty smears were made of the entire 
chromatin fraction of 45 gm. of tumor tissue. 
These were stained with Wright’s stain and ex- 
amined. 

RESULTS 
AAF-1npucep HEPATOMA 
The pertinent data are presented in Table 1. 


2 We are greatly indebted to Dr. James B. Murphy, of the 
Rockefeller Institute, for these tumors. 
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No intact cells, nuclei, or recognizable cell frag- 
ments were observed in any of the stained smears 
or paraffin sections of the mitochondria fraction, 
Invariably, structures resembling mitochondria 
appeared to be the only particulate bodies en- 
countered in this fraction. Their structure was 
particularly well preserved when the sucrose tech- 
nic was employed (Fig. 1). 

No cells or nuclei were seen in the entire 
mitochondria fraction of 100 gm. of normal liver, 
suspended in saline containing a little methylene 
blue and examined in a blood-counting chamber. 

Hepatomas were found at the site of injection 
(liver) in 2 of 118 animals injected with the mito- 
chondria fraction. One of these (Figs. 2-4) had been 
prepared by the saline (4) and the other (Figs. 
5-7) by the sucrose (6) technic. The former was 
found 30 days and the latter 60 days after in- 
jection. 

TABLE 1 
TUMORS FOLLOWING INTRAHEPATIC INJEC- 
TION OF AAF-INDUCED HEPATOMA 
CELLS AND CELL FRACTIONS 


Material ; otal Tumors 
Injections 
Intact Cells 23 () 
Mitochondria (saline) 45 I 
Mitochondria (sucrose) 73 l 
Chromatin 15 0 


Mor phology of lesions. 

lL. Rat 1914 (Wistar male, stock diet): The liver 
of this animal was inoculated with the mito- 
chondria fraction of a hepatoma obtained from a 
Wistar rat after 232 days on a diet containing 0.08 
per cent 2-acetaminofluorene. The recipient ani- 
mal was killed 30 days later. At the site of injection 
there was a pale, gray-brown nodule, measuring 
1.2 xX 1.0 X 1.0 em. (Fig. 2). Grossly, the liver 
was otherwise normal. 

On microscopic examination, the nodule pre- 
sented the appearance of a typical AAF-induced 
hepatoma (3) (Figs. 3 and 4). There was complete 
obliteration of the normal liver architecture. The 
lesion was composed of atypical epithelial cells, 
varying in size, shape, and nuclear chromatin con- 
tent. The majority were oval or polyhedral, with 
basophilic cytoplasm and large nuclei, many of 
which were hyperchromatic. There were numerous 
typical and atypical mitotic forms. The cells were 
generally irregularly arranged, but occasionally 
showed a cordlike arrangement. 

There were hemorrhagic and necrotic areas In 
the marginal portion of the nodule. Sections from 
other areas of the liver showed a moderate de- 
gree of parenchymatous and fatty change, with 
well preserved lobular architecture. 
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Fic. 1.—AAF-hepatoma mitochondria. x 1,000 Fig. 3.—Marginal portion of tumor in Figure 2. X35 


Fig. 2.—Hepatoma induced by intrahepatic injection of Fic. 4.—Higher magnification of section of tumor in 
AAF-hepatoma mitochondria 30 days previously. Figure 2. 460. 
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2. Rat 2161 (Wistar male, stock diet): The 
liver of this animal was injected with the mito- 
chondria fraction of several pooled hepatomas ob- 
tained from three rats after 240-280 days on a diet 
containing 0.03 per cent 2-acetaminofluorene. The 
recipient animal was killed 60 days later. At the 
site of injection there were several confluent 
yellow-gray nodules, measuring about 1.5 X 
1.0 X 0.8 em. (Fig. 5). On section, the cut surface 
was light gray with occasional areas of hemor- 
rhage. The remainder of the liver appeared normal 
grossly. 

On microscopic examination (Figs. 6 and 7), the 
nodules presented the characteristic appearance of 
certain AAF-induced hepatomas, with areas of 
necrosis and inflammatory reaction. One portion 
consisted of atypical epithelial cells arranged in ir- 


of the tumors in those receiving intact cells and 
those receiving cell fractions being essentially the 
same. 

It was found that a suspension of at least 3,000 
intact cells in l-ml. NaCl solution, injected sub- 
cutaneously, was required to produce a tumor that 
approximated the rate of growth of the slowest 
growing tumor after injection of chromatin 
fractions. 

In the case of several of the tumors indicated in 
Table 2 as developing after subcutaneous injec- 
tion of cell suspensions and of chromatin fractions, 
the injected material was derived from tumors 
that had developed after subcutaneous injection of 
chromatin fractions. 

No intact cells or nuclei or recognizable cyto- 
plasmic or nuclear fragments (other than chroma- 


TABLE 2 


TUMORS FOLLOWING INJECTION OF LYMPHOSARCOMA CELLS AND CELL FRACTIONS 


MATERIAL Subcutaneous 
Total Tumor Leukemia 
Intact Cells 153 114 13 
Chromatin 80 19 13 
Mitochondria 58 3 1 
Chromatin and mitochondria 9 4 2 


regular cords. The cells varied in size and shape, 
being polygonal, oval, or elongated. The cyto- 
plasm was basophilic, and the nuclei showed varia- 
tions in size, shape, and chromatin content. There 
were many large, hyperchromatic nuclei; multi- 
nucleated giant cells and abnormally large cells 
with deeply stained, lobulated nuclei were also 
seen. Few mitotic forms were noted. Large por- 
tions of the nodules were necrotic, the adjacent 
areas showing an inflammatory reaction with 
cirrhosis. 

No tumors were observed after intrahepatic 
injection of suspensions of intact hepatoma cells, 
cell-residue fractions, chromatin fractions, or 
suspensions of 2-acetaminofluorene crystals in rat 
plasma. 

Murpny Rat LYMPHOSARCOMA 

The pertinent data regarding the incidence of 
tumors and leukemia in animals which received 
injections of various preparations in different 
tissues are presented in Table 2. Tumors developed 
in two of three animals at the site of intrahepatic 
injection of a suspension of intact cells (not in- 
cluded in the table). 

In the animals which received subcutaneous in- 
Jections, tumors were usually palpable (in positive 
cases) in 3-4 days when intact cells were em- 
ployed, in 3—7 days with the chromatin fraction, 
and in 7-18 days with the mitochondria fraction. 
The animals were killed after 10-30 days, the size 


SITE OF INJECTION 


Bone-marrow Spleen Thy mus 
Total Tumor Total Tumor Total Tumor 
2 Q 4 1 1 1 
5 Q Q 0 3 0 
8 0 5 Q 4 0 


tin threads) were seen in any of the smears of the 
injected chromatin fractions. The only recogniz- 
able particulate bodies were the chromatin threads 
(Fig. 8). The same statements apply to the 80 
smears that represented the entire chromatin frac- 
tion of 45 gm. of tumor tissue. 

Morphology of lesions.—These tumors presented 
a remarkably uniform appearance; there was no 
significant difference between those induced by 
injection of intact cell suspensions (Fig. 9) and 
those which followed injection of cell fractions 
(Figs. 10-12). 

The tumors consisted chiefly of closely packed 
cells resembling medium-sized lymphocytes. The 
cells were round, oval, or polyhedral, with a rather 
scant, basophilic cytoplasm, often forming a nar- 
row rim around the nucleus. The nuclei were large, 
hyperchromatic, and sometimes indented. The 
nuclear membranes were distinct, and there were 
many mitotic figures. Abnormally large cells were 
seen occasionally. 

There were occasional areas of hemorrhage. The 
stroma was scant and consisted of a faintly out- 
lined fibrillary network containing delicate blood 
vessels. There was frequent evidence of invasion 
of adjacent tissues (fat, muscle, bone). 


DISCUSSION 
The significance of these observations rests 
upon the establishment of two fundamental 
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Fic. 9.—Murphy rat lymphosarcoma induced by sub- 
cutaneous injection of suspension of intact tumor cells 11 
days previously. 400. 


Fic. 10.—Murphy rat lymphosarcoma induced by sub- 
cutaneous injection of chromatin of lymphosarcoma cells 20 
days previously. 








Fig. 11.—Section of tumor in Figure 10. 65 


Fig. 12.—Higher magnification of section of tumor in 
Figure 10. «400. 











STASNEY et al.—Neoplasms from Intracellular Particles 


points: (a) the neoplastic nature of the induced 
lesions and (b) the absence of intact tumor cells 
in the injected mitochondria and chromatin frac- 
tions. 

In the case of the AAF-induced hepatoma, 
proof of the neoplastic nature of the lesion 1s diffi- 
cull. In an extensive experience with this tumor in 
the rat, we have not been able to transplant it 
successfully. Bielschowsky (1) reported its suc- 
cessful transplantation into the Wistar rat in three 
instances. Establishment of the neoplastic nature 
of the lesions which developed in two animals at 
the site of intrahepatic injection of mitochondria 
fractions must depend upon their cytological 
characteristics, which were identical with those of 
hepatomas produced by oral administration of 2- 
acetaminofluorene (3). 

There can be no doubt of the neoplastic nature 
of the lesions that followed subcutaneous injection 
of chromatin and mitochondria fractions of the 
Murphy rat lymphosarcoma. Their gross appear- 
ance, rate of growth, and cytological features seem 
to be characteristic. Definite proof is afforded by 
the fact that identical lesions were produced by 
subcutaneous injection of both cell suspensions 
and chromatin fractions of the chromatin-induced 
tumors. These “‘third-generation”’ lesions were in- 
distinguishable from the original tumors. 

We know of no way in which contamination of 
the mitochondria and chromatin fractions with 
intact cells can be excluded with absolute cer- 
tainty. Direct proof of the absence of cells in these 
fractions is impossible. We believe, however, that 
the following observations indicate the improb- 
ability of such contamination: 

1. Not a single recognizable cell, nucleus, or 
cell fragment was seen in smears or paraffin sec- 
tions of the 118 mitochondria and 15 chromatin 
fractions of hepatoma cells and the 58 mitochon- 
dria and 80 chromatin fractions of lymphosarcoma 
cells injected into the recipient animals in this 
study. 

2. No cells or nuclei were seen in the entire 
mitochondria fraction of 100 gm. of normal liver, 
prepared in the same manner as the hepatoma 
mitochondria fraction. 

3. No cells or nuclei were seen in the entire 
chromatin fraction of 45 gm. of lymphosarcoma 
tissue. 

4. When intact lymphosarcoma cells were 
added to the suspended chromatin fraction and the 
mixture was recentrifuged at 1,500 g for 10 minutes, 
intact cells could be readily identified in smears. 
It seems unlikely that such cells would have con- 
sistently escaped detection in the examination of 
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smears and paraffin sections made routinely from 
every chromatin fraction. 

We feel that it is highly improbable that the 
chromatin and mitochondria fractions were con- 
taminated with intact cells. The evidence appears 
to warrant the tentative conclusion that the tu- 
mors that appeared after injection of the chroma- 
tin fractions of lymphosarcoma cells were induced 
by this material, presumably by entrance of the 
chromatin strands or some component of these 
structures into lymphocytes of the recipient 
animals. 

The fact that only 3 tumors developed in 58 
animals which received injections of the mito- 
chondria fraction of lymphosarcoma cells, in con- 
trast to the high incidence in those receiving the 
chromatin fraction, raises a question as to the pos- 
sibility of contamination of the mitochondria with 
chromatin fragments. Such contamination is in- 
deed probable, inasmuch as the mitochondria frac- 
tions were prepared after preliminary homogena- 
tion of the tissue in a Waring Blendor, a procedure 
which causes fragmentation of nuclei. Chromatin 
strands and fragments would then be incorporated 
into the mitochondria fraction sedimented at 
24,000 g, inasmuch as they probably would not 
have been removed by the preceding centrifuga- 
tion at 600 g. The positive results obtained with 
mitochondria fractions may therefore have been 
due to chromatin material. It is interesting in this 
connection, however, that tumors developed in 44 
per cent of nine animals injected subcutaneously 
with a mixture of mitochondria and chromatin, as 
compared with 24 per cent of those receiving 
chromatin alone and 5 per cent of those receiving 
mitochondria alone. The striking difference in inci- 
dence of tumors induced by fractions of hepatoma 
and lymphosarcoma cells may be explained on the 
basis of the difference in transplantability of these 
tumors in the rat. 

There was a rather striking difference in the 
incidence of leukemia (infiltration of liver and 
kidney) in animals that developed local tumors 
following subcutaneous injection of intact cells 
(11 per cent leukemia) and in those receiving cell 
fractions (chromatin, 70 per cent; mitochondria, 
33 per cent; chromatin and mitochondria, 50 per 
cent). A difference of this magnitude and in this 
direction would not be anticipated if the develop- 
ment of the malignant lesions in the recipient 
animals were due to contamination of the cell 
fractions with intact cells. 

If these observations are valid, they indicate 
that malignant potentialities of neoplastic cells 
reside in the chromatin material and may be trans- 
mitted to normal cells, probably by entrance of 
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the chromatin threads or some component of these 
structures into the cells. The significance of mito- 
chondria in this connection is open to question. 

Experiments are in progress in which attempts 
are being made to insure destruction of cells by 
various means without altering the structure or 
activity of chromatin and mitochondria. 


SUMMARY 

Lymphosarcomas developed in rats at the site 
of subcutaneous and intramedullary injection of 
chromatin and mitochondria fractions of the 
Murphy rat lymphosarcoma. Leukemia occurred 
in a high percentage of animals which developed 
local tumors following subcutaneous injection of 
lymphosarcoma cell fractions. 

Hepatomas developed in two rats at the site of 
intrahepatic injection of the mitochondria frac- 
tion of AAF-induced rat hepatomas. This fraction 
may have been contaminated with chromatin frag- 
ments. 

Direct proof of the absence of intact cells in 
these fractions is impossible, but data presented 
seem to indicate that such contamination ts highly 
improbable. 
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The Role of Cellular Fractions in the ‘Transplantation 
of the Walker Rat Carcinoma 256° 


W. W. Tourtrettorre, Pu.D., anv J. B. Srorer, M.D. 


(From the University of Chicago Toxicity Laboratory, University of Chicago, Chicago, Il.) 


Stasney, Paschkis, and Cantarow (6) have re- 
ported that hepatomas may develop in rats that 
have received intrahepatic injections of a cell-free 
mitochondria fraction obtained from 2-acetamino- 
fluorene-induced rat hepatomas. They found two 
hepatomas at 29 and 35 days, respectively, in 36 
rats injected with this mitochondria fraction. In- 
trahepatie injection of intact tumor cells or crys- 
tals of 2-acetaminofluorene suspended in serum 
produced no tumors in 48 rats. The present inves- 
tigation was designed to determine whether cellu- 
lar fractions from a tumor not chemically induced 
would incite malignaney when injected as a cell- 
free inoculum. 


MATERIALS AND METHODS 

The transplantable Walker rat carcinoma 256 
was used in this study. This tumor originally arose 
as a spontaneous breast carcinoma and has been 
consecutively transplanted in rats for many years. 
Histologically, it has the appearance of an undif- 
ferentiated carcinoma with some sarcomatous 
characteristics. Ordinarily, 95-100 per cent of rats 
receiving subcutaneous injections of cell suspen- 
sions develop the tumor. It grows rapidly, mestas- 
tasizes to regional lymph nodes relatively late, and 
kills usually within 30 days after injection. 

The method of Hogeboom et al. (3), with sucrose 
as a dispersing medium, was employed to obtain 
rarious cellular fractions. Under sterile conditions, 
5.5 and 10.5 gm. of tumor in the first and second 
experiments, respectively, were homogenized in 9 
volumes of cold 0.25 mM sucrose immediately after 
aseptic dissection from three donor rats. (In the 
first experiment 20,000 units of crystalline penicil- 
lin G [Lilly] were added to the homogenate.) All 
but 5.0 ml. were centrifuged in the cold room 

* The work described in this paper was conducted at the 
University of Chicago Toxicity Laboratory under a research 
contract supported by the Atomic Energy Commission and 
administered through the Medical Division, Chemical Corps, 
U.S. Army. Under the terms of the contract neither the Atomic 
‘nergy Commission nor the Army Chemical Corps is responsi- 
ble for the opinions or conclusions of the authors. 
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(3° ©.) at 1,500 g for 10 minutes to precipitate the 
nuclei, Llogether with small numbers of intact cells 
which were not disrupted during homogenization. 
The nuclei were washed twice for 10 minutes with 
3.0 ml. of sucrose solution. The washings and su- 
pernatant solution of the nuclei were combined 
and centrifuged at 10,800 g for 15 minutes and 
washed twice with 3.0 ml. of sucrose solution for 
10 minutes to sediment the mitochondria. Centrif- 
ugation at 21,000 g for 1 hour of the resulting 
supernatant solution, together with the washings 
of mitochondria, yielded a precipitate of submi- 
croscopic material (the ““Microsomes” of Claude 
(2|). The microsomes were washed once with 3.0 
ml. of sucrose solution and centrifuged at 21,000 
gq for 1 hour. The final supernatant solution and 
washing were saved for injection. 

The efficacy of the separation procedure has 
been shown for liver tissue (2, 3, 5); however, it 1s 
important to demonstrate the reliability of the 
method for this tumor. Smears of the various re- 
suspended fractions were stained with Wright’s 
stain and Janus green B. The nuclei fraction con- 
tained intact cells. The exact proportion was diffi- 
cult to estimate accurately because of the presence 
of many nuclei with variable amounts of adherent 
cytoplasm. The mitochondria fraction contained 
a number of nuclei, but no intact cells were seen. 
The microsome fraction was found to be free from 
mitochondria. 

The supernatant solution of the microsomes 
doubtless contained particulate material which 
could be sedimented at higher centrifugal speeds; 
Chantrenne (1) stated that the microsomes range 
in size from very small units of nearly pure riko- 
nucleo-protein to relatively large aggregates of 
nucleo-proteins and other proteins. 

A total of 90 Sprague-Dawley rats (45 males 
and 45 females), weighing 250-350 gm., were di- 
vided into groups of 10, each group consisting of 
5 males and 5 females. The hair over the back of 
each rat was clipped, the skin was painted with 
Merthiolate ®, and under ether anesthesia the 

‘various fractions were injected subcutaneously. 
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The volumes of each fraction given per injection 
per group of ten rats in the first experiment were: 
0.25 ml. of 10 per cent homogenate, 0.25 ml. of mi- 
tochondria suspension (mitochondria residue sus- 
pended in 6.0 ml. of 0.25 m sucrose solution), 0.5 
ml. of microsome suspension (residue suspended 
in 6.0 ml. of sucrose solution), and 2.0 ml. of the 
final supernatant (70 ml.). In the second experi- 
ment, the volumes of each fraction injected were: 
0.25 ml. of homogenate, 0.5 ml. of nuclei suspen- 
sion (nuclei residue suspended in 6.0 ml. of sucrose 
solution), 0.5 ml. of mitochondria suspension, 0.5 
ml. of microsome suspension and 10.0 ml. of final 
supernatant (140 ml.). The rats were checked 
weekly for tumors. Observations were continued 
for 6 weeks. 
RESULTS 

Tumors developed in six of the ten injection 
sites in the first experiment and in nine of the ten 
injection sites in the second experiment, in the 
groups recelving the tumor homogenate. Tumors 
also developed in eight of the ten injection sites in 
the second experiment in the group receiving the 
nuclei suspension which was known to contain in- 
tact cells. 

The second experiment was designed to increase 
the concentration of the suspension and the 
amount of suspension injected. Since.all the resi- 
dues were resuspended in 6 ml. of isotonic sucrose 
solution, there was a twofold increase in residue 
concentration. The volume per injection was in- 
creased twofold for the mitochondria suspension 
and fivefold for the final supernatant solution. In 
spite of the increase in concentration of the sus- 
pensions and the increase of volume per injection, 
no tumors developed in the groups receiving mito- 
chondria suspension containing nuclei, microsome 
suspension, or final supernatant solution. 


DISCUSSION 


The only successful transplantations occurred 
with the crude homogenate and the nuclei fraction, 
both of which contained intact cells. Although no 
attempt was made to prepare nuclei free of intact 
cells, evidence in these studies indicates that nu- 
clei are not sufficient for the successful transplan- 
tation of the Walker rat carcinoma 256. Since the 
mitochondria fraction which contained both nuclei 
and mitochondria failed to produce “‘takes,”’ 
neither of these is sufficient for successful trans- 
plantation. If this fraction had produced tumors it 
would be impossible, of course, to tell which was 
responsible, and further refinement of the tech- 
nic of separation would have been necessary. 

‘While it is theoretically possible to transplant a 
tumor by injection of one intact cell into a sus- 
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ceptible animal, it has been our experience with 
this particular tumor that a large number of cells 
must be injected to insure success of the trans- 
plant. Hence, no significance is attached to the dif- 
ference in incidence of tumors in rats injected with 
the homogenate in the first experiment (60 per 
cent) as compared to the higher incidence (90 per 
cent) in the second experiment. 

We have found that bacterial contamination of 
the inoculum may interfere with the transplanta- 
tion of this tumor. To control this factor, penicillin 
was added to the homogenate in the first experi- 
ment, and sterile precautions were employed in 
both experiments. Since no infections developed 
in any of the 90 injection sites, there was no evi- 
dence of bacterial contamination of the cellular 
fractions. 

With the possible exception of certain tumors 
of virus etiology (4), successful transplantation of 
neoplasms is probably due to proliferation of the 
cells inoculated into the recipient. The cells of the 
recipient animal do not take part in the production 
of the tumor mass except to provide vascularity 
and a supporting stroma. The view that this is the 
mechanism involved in the successful transplanta- 
tion of the Walker rat carcinoma 256 is supported 
by our data. 

Cell-free mitochondria fractions from chemi- 
cally induced hepatomas appear, from the results 
of Stasney et al. (6), to have the ability to induce 
malignancy. In view of the fact that transplanta- 
bility to other animals of the same strain is a fairly 
generally accepted criterion of malignancy of tu- 
mors of mice and rats, it is surprising that Stasney 
and co-workers did not obtain tumors in the rats 
injected with intact tumor cells. 


SUMMARY 

Five- and 10-gm. portions of a Walker rat car- 
cinoma 256 were fractionated by ultra-centrifuga- 
tion into subcellular components immediately 
after dissection from three donor rats. Only the 
fractions containing intact cells produced tumors 
when injected subcutaneously into rats. The mito- 
chondria fraction which was known to contain 
nuclei, the microsome fraction, and the superna- 
tant of the microsomes produced no tumors over 
a 6-week observation period. 7 
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The Influence of Riboflavin, Pyridoxine, Inositol, and 


Protein Depletion-Repletion upon the Induction 
of Neoplasms by Choline Deficiency” 


A. E. ScuHaerer, D. H. Copetanp, W. D. SALMon, AND O. M. HALE 


(From the Department of Animal Husbandry and Nutrition, Agricultural Experiment Station of 
the Alabama Polytechnic Institute, Auburn, Ala.) 


The production of neoplasms in the livers and in 
other tissues of rats as a result of prolonged choline 
deficiency was reported by Copeland and Salmon 
in 1946 (1). This was confirmed by Engel, Cope- 
land, and Salmon in 1947 (4) and by Staub, Viol- 
lier, and Werthemann in 1948 (10). The influence 
of the vitamin-B complex on the incidence of liver 
tumors in rats fed carcinogenic dyes has been stud- 
ied by many laboratories. The observation by 
Kensler et al. (6) in 1941 that riboflavin suppressed 
the development of tumors in rats fed p-dimethy]- 
aminoazobenzene, has been amply confirmed. 
Retardation of the production of azo dye-induced 
tumors by diets low in pyridoxine was suggested 
by Miner e¢ al. (8) in 1943 and by Miller et al. (7) 
in 1945. It was shown by Engel (2) that inositol, 
along with choline, was a necessary dietary con- 
stituent for the maintenance of liver fat at normal 
levels. Recently, it was observed in this laboratory 
(5) that protein depletion-repletion superimposed 
upon choline deficiency in adult rats greatly in- 
creased liver fat in very short periods. 

It is the purpose of this paper to describe the 
influence of variations in the dietary level of ribo- 
flavin, pyridoxine, and inositol, and of protein de- 
pletion-repletion upon the incidence of choline 
deficiency-induced tumors in rats. 


EXPERIMENTAL 


In the experiments designed to determine the 
influence of riboflavin, pyridoxine, and inositol on 


* Published with the approval of the Director, Alabama 
Agricultural Experiment Station. This work was supported 
in part by grants from the American Cancer Society upon 
recommendation of the Committee on Growth of the National 
Research Council, from the National Cancer Institute, and 
from the Nutrition Foundation, Inc. Donations of vitamins 
were made by Merck and Co. A brief report of the results was 
presented at the 41st Annual Meeting of American Association 
for Cancer Research, Inc., Atlantic City, 1950. 
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the neoplasm induction by chronic choline defi- 
ciency, weanling rats of the Alabama Experiment 
Station (AES) strain, weighing 40-50 gm., were 
used. For the protein depletion-repletion studies, 
female rats weighing 160 gm. and male rats weigh- 
ing 200 gm. were used. All animals were housed in 
individual cages and uniformly grouped with 
respect to number, weight, sex, and litter. 

Feed and water were supplied ad libitum. The 
basal diet contained extracted peanut meal, 30 
(3); sucrose, 39.5; extracted casein, 6 (9); minerals, 
4.4 (undried) (9); L-cystine, 0.1; cod liver oil, 1; 
and lard, 19. Vitamins were added in mg/kg of 
diet, except where otherwise indicated, as follows: 
thiamine, 2; riboflavin, 4; pyridoxine, 2; calcium 
pantothenate, 10; niacin, 20; inositol, 200; alpha- 
tocopherol, 25; alpha-tocopherol acetate, 25; and 
2-methyl-1,4-naphthoquinone, 5. The dietary vari- 
ations of riboflavin, pyridoxine, inositol, and cho- 
line, and the numbers of animals per treatment, 
are given In Tables 1, 2, and 3. 

The diet fed during protein depletion was simi- 
lar to the basal diet described, except that the pea- 
nut meal and casein were replaced by sucrose. 
During the repletion period, the animals were fed 
the basal diet. The variations in the periods of 
protein depletion and repletion and the choline 
chloride supplementation are given in Table 4. 

Since the hepato-renal damage is severe and 
mortality is high in choline-deficient weanling 
rats, their diets were supplemented with 800 mg. 
choline chloride/kg for the first 2 weeks, and this 
was then reduced by 200 mg. at 2-week intervals. 
Under such a procedure only 2 of 78 choline-de- 
ficient rats died of the acute deficiency. Of the 
fourteen groups fed various low choline diets, four 
groups received a continued dietary supplement 
of 200 mg of choline chloride/kg, to determine 
whether this sub-minimal level would prolong sur- 
vival and yield a higher tumor incidence. 














TABLE 1 


EFFECT OF RIBOFLAVIN ON LIVER CIRRHOSIS AND TUMOR INCI- 
DENCE IN CHOLINE DEFICIENCY 


Av. FINAL 
DIET VARIATION Av. TIME BODY Hs. aT Gross TuMOR No. AND 
Riboflavin Choline ON EXPT. WEIGHT 40 WEEKS LIVER INCI- TYPES OF 
(mg/kg) (weeks) (gm.) (gm.percent) CIRRHOSIS* DENCE* TUMORS 
1 0 61 214 13.8 7/8 4/8 3 hepatomas 
1 sarcoma 
Q 0 80 237 12.1 4/4 2/4 2 hepatomas 
2 200 61 219 14.0 2/3 0/3 
20 0 61 240 14.9 6/8 0/8 
1 2,000 83 314 15.4 0/4 0/4 
20 2,000 70 348 15.4 0/4 0/4 
* Ratio of affected animals/total animalsin group. 
TABLE 2 
EFFECT OF PYRIDOXINE ON LIVER CIRRHOSIS AND , 
TUMOR INCIDENCE IN CHOLINE DEFICIENCY 
Av. FINAL 
DIET VARIATION Av. TIME BODY Hp. aT Gross No. AND 
Pyridoxine Choline ON EXPT. WEIGHT 40 WEEKS LIVER TuMoR TYPES OF 
(mg/kg) (weeks) (gm.) (gm. percent) CIRRHOSIS INCIDENCE TUMORS 
0 0 60 112 8.8 7/8 3/8 3 hepatomas 
0.5 0 82 162 13.1 4/4 2/4 2 hepatomas 
0.5 200 63 243 13.4 1/3 1/3 1 mammary 
1 0 70 220 12.5 8/8 3/8 3 hepatomas 
10 0 82 256 12.9 4/6 2/6 1 hepatoma 
1 sarcoma 
20 0 66 257 12.1 7/8 5/8 3 hepatomas 
1 mammary 
1 thoracic 
0.5 2,000 94 300 15.6 0/4 0/4 
10 2,000 82 368 15.7 0/4 0/4 


TABLE 3 


EFFECT OF INOSITOL ON LIVER CIRRHOSIS AND TUMOR 
INCIDENCE IN CHOLINE DEFICIENCY 


Av. FINAL 


DIET VARIATION Av. TIME BODY Hs. aT GRoss TuMOR No. AND 
Inositol Choline ON EXPT. WEIGHT 40 WEEKS LIVER INCI- , TYPES OF 
(mg/kg) (weeks) (gm.) (gm. per cent) CIRRHOSIS DENCE TUMORS 
0 0 77 234 12.0 4/4 2/4 2 hepatomas 
0 200 73 295 14.3 2/4 1/4 l hepatoma* 
200 0 69 305 11.5 4/4 2/4 2 hepatomas 
200 200 59 241 13.6 3/4 2/4 2 hepatomas 
0 2,000 79 380 15.6 0/4 0/4 
200 2,000 82 361 17.7 0/4 0/4 


* One rat in this group developed diverticulosis of the stomach, not classified as a tumor. 


TABLE 4 


EFFECT OF PROTEIN DEPLETION-REPLETION ON LIVER CIRRHOSIS AND TUMOR INCIDENCE 
IN CHOLINE DEFICIENCY IN YOUNG ADULT RATS 


FEEDING CYCLE Av. FINAL 
CHOLINE Deple- Reple- Av. TIME BODY TuMoR No. AND 
SUPPLEMENT tion tion No. ON EXPT. WEIGHT LIVER INCI- TYPES OF 
(mg/kg) (weeks) (weeks) RATS (weeks) (gm.) CIRRHOSIS DENCE TUMORS 
3 8* 47 132 8/8 3/8 3 hepatomas 
0 3 3 QT 49 155 2/2 1/2 1 hepatoma 
2,000 4 3 9 71 361 0 0/9 


* One of the eight rats was maintained on the protein depletion-repletion regimen for 3 cycles and thereafter con- 
tinued on the repletion diet. This rat developed a hepatoma. 


+t These rats were maintained on the repletion diet after 3 cycles of protein depletion. 
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Tissues were saved for routine microscopic 
studies. Bouin’s fixative and hematoxylin and 
eosin stain were routinely used. 

Hemoglobin was determined by the acid hema- 
tin method twice during the experiment, at 32 and 
40 weeks. 

RESULTS 

Growth, survival, and hemoglobin levels.—The 
average final body weight of 76 weanling rats fed 
diets low in choline, with varying levels of ribo- 
flavin, pyridoxine, and inositol, was 226 gm. as 
compared to 345 gm. for the control rats receiving 
0.2 per cent choline chloride. In general, the ani- 
mals receiving the choline-deficient diets grew 
moderately well the first 6 months and thereafter 
declined in weight very slowly with a marked loss 
just prior to death. 

The average survival time of the choline-defi- 
cient rats was 68 weeks, with a range of 42-98 
weeks. A number of these animals had lung in- 
volvement, characterized by rales and hemor- 
rhagic rhinitis. The controls were maintained for 
an average of 82 weeks. The hemoglobin level of 
the 62 rats receiving no choline supplement aver- 
aged 12.4 gm. per cent. Of these animals, one group 
of eight rats receiving 20 mg of riboflavin/kg of 
diet had an average hemoglobin level of 14.9 gm. 
per cent, which was essentially normal for the con- 
trol animals fed 0.2 per cent choline chloride. Sup- 
plementation of various diets with the low level of 
0.02 per cent choline chloride resulted in an aver- 
age hemoglobin level of 13.8 gm. per cent (‘Tables 
1-3). 

The ten adult rats subjected to protein deple- 
tion-repletion without choline supplementation 
survived an average of 47 weeks, with a range of 
25-63 weeks. Final body weight of these animals 
was 136 gm. and ranged from 81 to 194 gm. The 
nine control rats, similarly treated but receiving 
0.2 per cent dietary choline chloride, were main- 
tained on the experiment for an average of 71 
weeks and weighed 361 gm. (Table 4). 

Incidence of tumors and liver cirrhosis.—In the 
riboflavin, pyridoxine, and inositol experiments 
involving a total of 76 choline-deficient rats, 29 
had tumors, and 63 had gross cirrhosis of the liver. 
No tumors or cirrhotic livers were found in 24 con- 
trol rats receiving 0.2 per cent dietary choline 
chloride (Tables 1-3). In the protein depletion- 
repletion studies, 4 of the 10 choline-deficient rats 
had tumors, and all had cirrhotic livers. The 9 
control animals did not develop liver cirrhosis or 
tumors (Table 4). 

Influence of riboflavin.—A strikingly significant 
result of this series of experiments was the suppres- 
sion of tumor development by 20 mg of riboflavin/ 


kg of diet. Of fifteen animals that received 1 or 2 
mg of riboflavin,/kg of diet (Table 1), 40 per cent 
had tumors, whereas none of the eight rats fed 
high riboflavin developed tumors. Although gross 
liver cirrhosis was observed in six of the rats fed 
high levels of riboflavin, it was much less severe 
than that noted in the other choline-deficient ani- 
mals. The hemoglobin level of this group was 
normal. 

Influence of pyridoxine.—The omission of pyri- 
doxine from the basal diet markedly suppressed 
growth. The average maximum weight attained 
was approximately 120 gm., and the final body 
weight averaged 112 gm. (range, 96-151 gm.). 
Typical pyridoxine-deficiency symptoms were 
noted. Although growth was greatly suppressed, 
three of the eight rats developed tumors (Table 2). 
This group also had the lowest hemoglobin level 
(8.8 gm. per cent). Of 23 rats receiving 0, 0.5, and 
1 mg of pyridoxine/kg of diet, 39 per cent had 
tumors (‘Table 2), as compared to 50 per cent in- 
cidence in 14 rats receiving 10 and 20 mg. of 
pyridoxine. Thus, in general, the level of pyridox- 
ine did not influence tumor incidence. 

Influence of inositol.—The omission or inclusion 
of dietary inositol did not affect tumor incidence 
(Table 3). The diet containing 200 mg of inosi- 
tol/kg is comparable to diet 43A used in the 
studies reported by Copeland and Salmon (1). The 
latter workers found a tumor incidence of 58 per 
cent, as compared to 44 per cent in this ex- 
periment. 

Influence of protein depletion-repletion.— Pro- 
tein depletion-repletion markedly shortened the 
time required for the development of neoplasms in 
young rats, as compared to the time required for 
weanling rats. The adult rats of this series of ex- 
periments survived an average of 47 weeks and 
tumors appeared in 32 weeks, whereas the wean- 
ling rats of the previous series of experiments sur- 
vived an average of 68 weeks and tumors appeared 
in 42 weeks. All the choline-deficient animals had 
liver cirrhosis, and 40 per cent had neoplasms 
(Table 4). Body weight of the deficient animals 
declined rapidly during protein depletion with par- 
tial recovery during repletion. In general, body 
weight was progressively lowered from an average 
of 180 gm. at the start of the experiment to 136 
gm., final weight. The control rats that received 
0.2 per cent dietary choline chloride and were sub- 
jected to protein depletion-repletion lost weight 
during depletion, but more than regained this 
weight loss during repletion and attained a final 
body weight of 361 gm. 

The results indicated that the protein depletion- 
repletion treatment need not be so drastic as that 
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eniployed for most of the animals in these experi- 
ments. One of the eight rats undergoing protein de- 
pletion for 2-week periods was maintained on the 
repletion diet after a total of three depletions. This 
animal survived for 63 weeks and had a hepatoma. 
The two rats subjected to protein depletion for 3 
weeks were only depleted 3 times and were there- 
after maintained on the repletion diet. One of the 
two rats developed a hepatoma. 

Histopathologyx—Neoplasms were found in 33 
of 86 of all the chronic choline-deficient rats in 
32-98 weeks. Of these neoplasms, 28 were classi- 
fied as hepatoma, 2 as mammary carcinoma, and 
2 as sarcoma. One thoracic tumor has not yet been 
identified. 

The gross appearance of a typical liver tumor is 
illustrated in Figure 1. This tumor measured 2.5 
em. in diameter. The liver tumors encountered in 
this experiment varied from 1 to 4 cm. in diameter 
and were mutiple in some livers. 

Microscopic studies revealed that, in addition 
to tumors, about half of the livers exhibited lesions 
similar to the one illustrated in Figure 2. This type 
of lesion was classified as a multiple cyst. These 
cysts contained small amounts of fibro-purulent 
exudate and were lined by flattened endothelium- 
like cells in some cases and cuboidal and columnar 
cells in others. Considerable interstitial connective 
tissue and a focal loss of parenchymal cells were 
characteristic of these areas. 

Bile duct proliferation was a common finding 
and was especially extensive in the livers of the 
28 rats that developed hepatomas. A type of 
cholangioma is shown in Figure 3. This cholan- 
gioma developed in the liver of a rat, in addition to 
a hepatoma. The typical acini formation and ade- 
nomatous nature of this lesion, as well as the char- 
acteristic connective tissue stroma, is evident. 

The hepatomas presented very interesting cell 
patterns, which are illustrated by a series of pho- 
tomicrographs. Figure 4 shows a hepatoma char- 
acterized by chains of cells and irregular trabecu- 
lae. ““Gland-like’’ formations such as these were 
found in most of the hepatomas. The arrangement 
of the connective tissue stroma in a liver tumor 
that has the appearance of an adenocarcinoma is 
shown in Figure 5. The cells are arranged in primi- 
tive fashion, simulating glandular stratified epi- 
thelial elements. Numerous mitotic figures were 
observed, and the anaplastic nature of the tumor 
is evident. 

The gross appearance of a mammary carcinoma 
is shown in Figure 6. A photomicrograph of a sec- 
tion of this tumor is illustrated in Figure 7. The 
tumor tissue appears to be invading the skeletal 
muscle. This tumor was composed of small epi- 





thelial cells with round nuclei arranged in gland- 
like structures. In some areas the cells were closely 
packed, and the glandular arrangement was lost. 
These tumors were extremely cellular, and mitotic 
figures were common. 

The cellular nature of a sarcoma is shown in 
Figure 8. The tumor is composed of closely packed 
spindle cells. The nuclei are stained dark, have a 
characteristic oval shape, and contain one or more 
distinct nucleoli. The cytoplasm is fusiform to stel- 
late and without distinct borders. The cells are 
arranged in different planes and whorls and often 
have a combed appearance. 


DISCUSSION 


The role of choline deficiency in carcinogenesis 
has been further substantiated. Neoplasms oc- 
curred in 33 of 86 rats that were fed choline-defi- 
cient diets for 32-98 weeks, while no tumors or 
liver cirrhosis were found in 33 control rats that 
received 0.2 per cent dietary choline chloride. 

An interesting observation was the indication 
that high riboflavin suppressed tumor formation 
in chronic choline deficiency. The absence of 
tumors in eight rats (from six litters) fed a choline- 
deficient diet supplemented with 20 mg of ribo- 
flavin/kg indicates that this vitamin exerts a pro- 
tection similar to that shown in the case of the azo 
dye-induced tumors (6). This is puzzling in view 
of the fact that choline does not prevent the de- 
velopment of azo dye-induced tumors. High levels 
of riboflavin in the diet did not afford as complete 
protection to the liver as choline, since 75 per cent 
of these rats developed a mild liver cirrhosis. 

Varying the level of pyridoxine or inositol did 
not influence tumor incidence Of interest was the 
observation that neoplasms developed in rats fed 
a diet without pyridoxine and choline supplemen- 
tation, even though body weight was only 33-50 
per cent of normal. 

The production of neoplasms in nearly mature 
rats subjected to protein depletion-repletion in ad- 
dition to choline deficiency and the complete pro- 
tection by choline against such a rigorous treat- 
ment further emphasize the important role of cho- 
line. One would suspect that a procedure which 
results in caloric restriction such as protein deple- 
tion would suppress tumor development; however, 
with protein depletion-repletion, tumors actually 
appear in only two-thirds of the time required to 
produce tumors in weanling rats fed a choline- 
deficient diet without the depletion-repletion 
procedure. 

The lowering of hemoglobin level in the choline- 
deficient rats confirms the observation by Engel 
(3). No correlation could be made between hemo- 
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Fic. 1.—Photograph showing the typical gross appear- 
ance of a hepatoma. This tumor developed in the liver of 
a rat fed a choline-deficient diet containing 20 mg of 
pyridoxine/kg of diet for 82 weeks. Reduced to less than 
one-half actual size. 

Fic. 2.—Photomicrograph showing multiple cysts in the 
liver of a rat fed a choline-deficient diet containing 10 
mg of pyridoxine/kg of diet. The cystic spaces are lined 
with flattened endothelium-like cells. Hematoxylin and 


ry 
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eosin stain. X 230. 

Fic. 3.—Photomicrograph of a cholangioma of the liver 
of a rat fed a choline-deficient diet containing no inositol for 
85 weeks. Hematoxylin and eosin stain. X 230. 

Fig. 4.—Photomicrograph of a hepatoma of the liver 
of a rat fed a choline-deficient diet containing no inositol 
for 72 weeks. Notice the “‘glandlike’’ formation and typical 
cellular nature of this hepatoma. Hematoxylin and eosin 
stain. X 230. 











Fic. 5.—Photomicrograph of a liver tumor that has the 
appearance of an adenocarcinoma. This tumor developed 
in a rat fed a choline-deficient diet without inositol for 72 
weeks. Hematoxylin and eosin stain. X 230. 

Fic. 6.—Photograph illustrating the gross appearance 
of a mammary tumor in a rat fed a choline-deficient diet 
supplemented with 0.5 mg of pyridoxine/kg of diet for 48 
weeks. Reduced to about one-half the actual size. 
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Fic. 7.—Photomicrograph of a section of the mammary 
tumor shown in Figure 6. The tumor appears to be invad- 
ing the skeletal muscle. Hematoxylin and eosin stain. 
xX 230. 

Fic. 8.—Photomicrograph of a section of a sarcoma. 
This tumor developed in a rat fed a choline-deficient diet 
containing 1 mg of riboflavin/kg of diet for 44 weeks. 
Hematoxylin and eosin stain. X 230. 
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globin level and tumor incidence within any given 
treatment. 


SUMMARY 

1. Seventy-six weanling rats were fed choline- 
deficient diets with varying levels of riboflavin, 
pyridoxine, and inositol. Neoplasms were found in 
all groups except one group of eight rats fed 20 mg 
of riboflavin/kg of diet. Of the remaining 68 rats, 
.57 had liver cirrhosis and 29 had tumors. Average 
survival time was 68 weeks. No liver cirrhosis or 
tumors occurred in 24 control rats receiving 0.2 
per cent dietary choline chloride. 

2. Under these experimental conditions, high 
riboflavin (20 mg/kg of diet) prevented choline 
deficiency-induced neoplasms. Varying levels of 
pyridoxine or inositol had no influence on tumor 
incidence. Neoplasms developed in rats receiving a 
choline- and pyridoxine-deficient diet, even though 
growth was suppressed. 

3. Four of ten young adult rats subjected to 
protein depletion-repletion and chronic choline 
deficiency developed neoplasms; all had cirrhotic 
livers. Average survival time was 47 weeks. No 
tumors or cirrhotic livers were found in nine con- 
trols fed 0.2 per cent dietary choline chloride. 

4. Hepatomas were found in 28 of the 33 rats 
with neoplasms. Of the remaining neoplasms, 
there were two mammary carcinomas, two sar- 
comas, and one thoracic tumor. 


10. 
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The Synthesis of Citrulline and p-Aminohippuric 
Acid by Rat Hepatoma* 


Ta CHenc Tunc, M.D., Pu.D.,f AND Puitie P. Conen, Pu.D., M.D. 


(From the Laboratory of Physiclogical Chemistry, University of Wisconsin, Madison 6, Wis.) 


The capacity of cell-free preparations of neo- 
plastic tissue to carry out synthetic reactions has 
not been widely investigated. The desirability of 
such studies is apparent, since information might 
be provided which would bear on the integrated 
metabolic functions of the cell, particularly in re- 
lation to the coupling of oxidative energy with the 
synthetic reactions. Previous studies in this labo- 
ratory dealing with the synthesis of citrulline 
(2, 3) and p-aminohippuric acid (4-6), suggested 
conditions suitable for the study of these synthetic 
reactions in neoplastic liver preparations. While 
the syntheses of these compounds represent highly 
specialized functions of the normal liver cell, their 
dependence on energy coupling reactions make 
their study in neoplastic liver tissue particularly 
desirable. 

The reactions investigated in this study were 
the following: 

1. Glutamic acid + CO. + NH; + ornithine— 
citrulline. 

2. Carbamylglutamic acid + NH; + orn. 
thine—citrulline. 

3. p-Aminobenzoic acid + glycine—p-amino- 
hippuric acid. 


EXPERIMENTAL 

Animals and liver tumors.—Liver tumors were 
induced! by feeding p-dimethylaminoazobenzene 
(0.06 per cent of diet) to Sprague Dawley strain 
rats (Group III) using diet No. 3 of Miller et al. 
(11). Two groups of control animals were used; 
one was fed the same diet as the experimental 
but without added p-dimethylaminoazobenzene 
(Group II), and another group consisted of ani- 
mals fed a stock commercial diet (Furina Dog 
Chow) (Group I). The animals weighed between 


* Aided in part by a grant from the National Cancer 
Institute of the National Institute of Health, Public Health 
Service. 

+ Fellow of the Chinese Ministry of Education. 


1 We are indebted to Dr. Sam Sorof of this laboratory for 
making available to us the animals fed the experimental diets. 
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185 and 350 gm. and were fed ad libitum. The ani- 
mals were examined for the presence of tumors 
after 4 months of feeding the experimental diet. 
When tumors were found, the animals were fed 
the control diet (IL) until sacrificed. 

Preparation of enzyme systems.—Washed residue 
preparations of normal liver were prepared as pre- 
viously described (6). Livers from p-dimethy]l- 
aminoazobenzene-fed animals were separated by 
dissection into grossly distinguishable neoplastic 
and non-neoplastic tissue and were used for prepa- 
ration of washed residue in the same manner as 
employed for normal tissue. Neoplastic tissue was 
dissected free of necrotic tissue before use. Two 
gm. of tissue were homogenized with 5 ml. of iso- 
tonic KCI solution and filtered through a double 
layer of gauze. The homogenate was then centri- 
fuged for 10 minutes at 2,000 g and the supernate 
discarded. The residue was then twice washed with 
5-ml. portions of isotonic KCl solution. The 
washed residue was finally suspended in 10 ml. of 
isotonic KCl solution. An aliquot of 1 ml., con- 
taining between 1 and 1.5 mg. of nitrogen, was 
added to each flask. All manipulations were car- 
ried out in the cold room, and the tissues were 
kept in an ice bath up to the time of incubation. 

Measurement of citrulline synthesis —The gen- 
eral procedures employed were those used by Co- 
hen and Grisolia (2). Two sets of experiments were 
conducted in each case, one In which glutamie acid 
was present and the other in which carbamylglu- 
tamic acid replaced glutamic acid. This was done 
to determine the capacity of neoplastic tissue to 
synthesize the postulated intermediate from glu- 
tamic acid, CQs, and ammonia. In all instances the 
systems were incubated aerobically at 38°C. in 
Warburg flasks for 20 minutes in the absence of 
ornithine, which was then added from the side 
arm and the complete system then allowed to in- 
cubate for 10 minutes. The reaction was stopped 
by the addition of 4 ml. of 5 per cent perchloric 
acid and citrulline determined on aliquots of the 
filtrate according to the method of Archibald (1). 
The results are expressed as micromoles of citrul- 
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line formed per milligram of washed residue ni- Substrates and reagents —'The preparations and 

trogen. sources of substrates and reagents have been pre- 
Measurement of p-aminohippuric acid synthesis. viously described (2, 6). 

—The general procedure was that employed by 


Cohen and McGilvery (6). The incubations were RESULTS 
carried out aerobically at 38° C. in Warburg flasks a a _ oo 
for 45 minutes. The reaction was stopped by the lhe amount of citrulline and p-aminohippuric 


addition of 4 ml. of 0.2 N trichloroacetic acid per 1 acid synthesis, with the use of different prepara- 
milliliter of incubation mixture, and an aliquot of tions, is shown in Table 1. In confirmation of pre- 
the filtrate was taken for analysis of p-aminohip- vious findings by Cohen and Grisolia (2), it is seen 
puric acid. that carbamylglutamic acid yields more citrulline 


TABLE 1 


SYNTHESIS OF CiTRULLINE AND p-AMINOHIPPURIC ACID IN 
NORMAL AND NEOPLASTIC RAT LIVER 


CITRULLINE 


Glutamic Carbamylglutamic p- AMINOHIP- 
No. OF acid system acid system PURIC ACID 
RAT GrRoUP uM/mg N uM/mg N Ra Tio uM/mg N 
l 1.02 1.28 1.12 
2 0.63 1.51 0.97 
3 0.49 1.20 1.20 
4 L.f 1.85 1.16 
5 1.00 2.79 0.84 
6 I 0.72 1.86 ) 0.8] 
7 0.59 1.37 1.03 
8 0.77 1.88 0.88 
9 0.61 1.41 0.92 
10 0.72 2.25 1.22 
11 0.71 1.o¢ 1.15 
12 0.73 1.03 1.05 
Ave. (0.76) Ave. (1.65) 2.2 Ave. (1.03) 
13 0.30 0.94 0.88 
14 0.24 0.78 1.29 
15 0.29 1.63 0.98 
16 0.25 1.43 1.15 
17 IT 0.22 0.96 0.83 
18 0.23 0.98 0.82 
19 0.26 1.08 1.01 
90)* 0.19 0.82 1.03 
_: hg 0.16 0.91 0.87 
Ave. (0.23) Ave. (1.06) 4.1 Ave. (0.98) 
22 0.39 0.70 0.45 
93 0 15 Q AT 0.72 
24 0.07 0.92 0.65 
25 0.13 0.76 0.58 
26 Ill, A 0.25 1.06 0.54 
27 0.17 0.35 0.67 
28 (non-neo- 0.21 1.10 0.64 
29 plastic 0.52 1.12 0.72 
30 tissue) 0.14 0.92 0.22 
31 0.15 0.93 0.35 
Ave. (0.21) Ave. (0.83) 3.9 Ave. (0.55) 
22 0.15 0.50 0.36 
23 0.13 0.45 0. 24 
24 0.06 0.84 0.14 
25 Ill, B 0.09 0.65 0.06 
26 0.26 0.78 0.11 
27 (neoplas- 0.09 0.27 0.08 
28 tic tis- 0.07 0.31 0.09 
29 sue) 0.11 0.41 0.11 
30 0.09 0.27 0.01 
31 0.07 0.34 0.04 
Ave. (0.11) Ave. (0.48) 4.4 Ave. (0.12) 


* Given parenteralinjection of 200 yg. of riboflavin per day for 10 days. 

Citrulline synthesis: Finalsubstrate concentration as follows: Magnesium sulfate , 6 X 1073 M; potassium 
phosphate at pH 7.15, 1.3 K 10-2mM;fumarate, 3 X 10-2M; L-glutamic acid, or carbamyl- L-glutamic acid, 
1 <X 10-2; pL-ornithine, 2.5 X 10-*m; ATP 1.2 X 10-3 M; ammonium chloride 4 X 10-3; sodium bicar- 
bonate, 5 X 107? m; and KCl to bring the medium to isotonicity. The total volume was 4.0 ml. 

p-Aminohippuric acid synthesis: Final substrate concentration as follows: p-Aminobenzoic acid, 
1 X 10-3 m; glyenei, 1.5 X 10-2m; magnesium sulfate, 2.6 X 10-3m; cytochrome c, 1.2 X 10-6; fumarate, 
2.5 X 10-3m; ATP, 5 X 10-4; and KCl, 4 X 10-2. "The total volume of 4.0 ml.was made isotonic with 
potassium phosphate at pH 7.55. 
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thi does glutamic acid under the same conditions 
wiih normal liver. This is also true of the experi- 
niciits in which liver preparations from animals on 
th. special diets, with and without p-dimethylami- 
nouzobenzene, were used. It is to be noted, how- 
ever, that the ratio of citrulline synthesis from car- 
bamylglutamic acid, as compared with synthesis 
from glutamic acid, is different for the different 
groups. This is shown in Column 5, Table 1. Thus, 
while it is clear from Table 1 that the synthesis of 
citrulline is lowest in the case of neoplastic tissue, 
whether glutamic acid or carbamylglutamic acid is 
used, citrulline synthesis was also low in the case 
of livers from Group II and the grossly non-neo- 
plastic tissue from Group III, A. These data in- 
dicate that the loss of enzyme activity in neoplas- 
tic tissue 1s greater for the step leading to the syn- 
thesis of the intermediate carbamyl derivative 
than for the step leading to the synthesis of citrul- 
line from this intermediate. Of interest, however, is 
the observation that the ratio of citrulline syn- 
thesis from carbamylglutamic acid and glutamic 
acid is of the same order for the systems prepared 
from livers of animals on the diets of Groups II 
and III. It would appear that the diet in Groups 
Il and III is deficient in some factor which is func- 
tioning as coenzyme for the enzymatic step con- 
cerned with the conversion of glutamic acid to the 
carbamyl derivative. Since the diet employed is 
low in riboflavin, two animals, Nos. 20 and 21, 
were injected with 200 ug. of riboflavin daily for 
10 days. As can be seen from Table 1, this was 
without effect. MacLeod et al. (10) have reported 
that livers from animals on a biotin-deficient diet 
have a lowered capacity to synthesize citrulline in 
a system containing glutamic acid. However, the 
rate of synthesis in biotin-deficient animals is the 
same as in the normal, using carbamylglutamic 
acid (8). However, the diet employed in the pres- 
ent study was apparently adequate in biotin, and, 
further, the animals showed no signs suggesting 
such a deficiency. It would thus appear that al- 
though some factor, as yet unknown and which is 
apparently absent in the diets of Groups II and 
IIT, is responsible for some of the loss of enzymatic 
activity, the neoplastic process results in an addi- 
tional decrease in enzyme activity, of the order of 
50 per cent (compare Group III, A and B). 

The findings in the case of p-aminohippuric acid 
synthesis (Table 1) clearly indicate that there is 
no difference in the amount of synthesis by liver 
from animals on the two diets, Groups I and IT. 
On the other hand, the feeding of p-dimethyla- 
minoazobenzene results in a decrease in activity 
of approximately 50 per cent (Group III, <A), 
while the activity of neoplastic tissue is decreased 





to very low values, of the order of 12 per cent of 
normal. 
DISCUSSION 

Since the washed residue preparations used in 
the present study consist chiefly of mitochondria 
and nuclei and since the synthetic activity is con- 
fined chiefly to the former (unpublished studies 
from this laboratory), it is of interest to estimate 
the relative enzymatic activity of normal and hep- 
atoma tissue. Price et al. (12) have found that per 
gram of fresh tissue, normal liver yields about 2.5 
times as much mitochondria protein as does hep- 
atoma. Assuming that this factor obtains in the 
fresh tissue, the low values for enzymatic synthesis 
observed with washed residue prepared from 
hepatoma, as compared with normal liver, would 
be still lower (by factor of 2.5) when compared on 
a fresh weight basis. 

While previous experience with the enzyme 
preparations from normal liver indicates that the 
incubation conditions employed in this study were 
such as to permit quantitative assay, the possibil- 
ity exists that the washed residue preparations 
from hepatoma have a limiting factor other than 
the enzyme concentration which is not provided 
for in the medium employed. In view of this, the 
quantitative differences observed in synthetic 
activity of normal liver, as compared with hepa- 
toma, should not be accepted with finality. A more 
adequate evaluation of quantitative differences 
would require assays at different time intervals 
and at different enzyme concentrations. 

Previous studies by Greenstein (9) with slices of 
rat hepatoma revealed that the synthesis of urea 
from citrulline was impaired. It is clear from the 
present study that the steps leading to citrulline 
synthesis from ornithine are also impaired, with 
the primary enzymatic steps leading to the forma- 
tion of the carbamyl intermediate quantitatively 
more affected than the subsequent reactions. 

While the synthesis of p-aminohippuric acid is 
known to be impaired in eases of liver damage (7), 
it is clear from the present study that the decrease 
in synthetic activity in the neoplastic tissue 1s 
greater than that observed in the adjacent grossly 
non-neoplastic tissue. 

Since it is generally characteristic of tissues un- 
dergoing neoplastic transformation to lose their 
more specialized functions, it is perhaps not sur- 
prising that hepatoma tissue should show a loss in 
enzymatic activity concerned with the synthesis of 
citrulline and p-aminohippuric acid. On the other 
hand, the synthesis of p-aminohippuric acid repre- 
sents a model system for peptide bond synthesis 
(4), and, if the in vivo synthesis of protein involves 
the step-wise synthesis of peptide chains, it might 
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be expected that the synthesis of p-aminohippuric 
acid would be increased if the same enzyme sys- 
tems were involved. In this connection, Zamecnik 
et al. (14) have reported that slices of hepatoma 
show a higher rate of protein synthesis, as meas- 
ured by incorporation of isotopically labeled amino 
acids, than slices of normal tissue. On the other 
hand, Rittenberg and Shemin (13), using whole 
animals, have reported contrary findings. 

The mechanism by which oxidative energy is 
coupled with synthetic reactions to meet the ther- 
modynamic requirements of such endergonic sys- 
tems is not known. The fortification of the systems 
investigated in this study with adenosine triphos- 
phate has provided a source of high energy which 
is required for the reaction to proceed. In addition, 
these systems contained fumarate which can be 
utilized by liver preparations from normal animals 
for the regeneration of the high energy bond nu- 
cleotides (2, 6). These studies have not established 
whether the failure in neoplastic tissue is that of 
the coupling mechanisms between the high energy- 
bond compounds formed by oxidation and the en- 
zymatic steps concerned specifically with the syn- 
thesis. Since both synthetic systems, when fortified 
with adenosine triphosphate,”* have been shown 
to be catalyzed by soluble enzymes free of oxida- 
tive enzymes, this possibility can be investigated 
by the use of such preparations from neoplastic 
tissue. 

SUMMARY 

1. Washed residue preparations of p-dimethyla- 
minoazobenzene-induced hepatomas show a de- 
crease in citrulline synthesis to approximately 14 
and 30 per cent of normal in the presence of glu- 
tamic acid and carbamylglutamic acid, respec- 
tively. There is thus a relatively greater loss of en- 
zyme activity in hepatoma tissue concerned with 
the conversion of glutamic acid to the carbamy] in- 
termediate than for the conversion of the latter of 
citrulline. This loss of activity is due in part to the 
deficiency of some unknown essential in the diet of 
the experimental animals. 

2S. Grisolia and P. P. Cohen, unpublished studies. 
3R. W. McGilvery and P. P. Cohen, unpublished studies. 
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2. The synthesis of p-aminohippuric acid from 
p-aminobenzoic acid and glycine by washed resi- 
due prepared from hepatoma decreased to a level 
approximately 12 per cent of that of a similar 
preparation from normal liver. 

3. The significance of these findings is discussed. 
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Mammary Excretion of 20-Methylcholanthrene* 





Harry SHAy, M.D., Bernice FRIEDMANN, M.A., Marcor 
(GRUENSTEIN, AND SIDNEY WEINHousE, Ph.D. 


(From the Lankenau Hospital Research Institute and the Institute for Cancer Research, and the 
Fels Research Institute of Temple University, Philadelphia, Pa.) 


Recently, evidence was reported for the belief 
that a carcinogenic agent, 20-methylcholanthrene, 
could be secreted into the milk of a lactating ani- 
mal and thereby gain entrance into the bodies of 
the offspring to cause an abnormally high inci- 
dence of neoplasms (1). Further positive evidence 
for this mode of excretion of methylcholanthrene 
has now been obtained by means of ultraviolet ab- 
sorption spectroscopy, a method which has been 
used widely to follow the distribution of this and 
other carcinogens in animal tissues (2). 

In the detection of methylcholanthrene in tis- 
sues of rats, advantage was taken of its high ab- 
sorption peaks at 284 and 295 mu. A solution of 
1 wg. per milliliter in petroleum ether has an opti- 
cal density (log 100/per cent transmission) of .250 
at 284 and .312 at 295 my (measurements made 
with a Beckmann model DU spectrometer). The 
sensitivity of this method is limited by the fact 
that the unsaponifiable matter of rat tissues dis- 
plays rather high general absorption in the ultra- 
violet, which increases with decreasing wave 
length (Fig. 1). Ass shown in Figure 1, however, the 
addition of methylcholanthrene in a concentration 
of 0.1 wg. per milliliter can be readily detected by 
inflections in the absorption curve of such an ex- 
tract. Since the absorption of solutions of the un- 
saponifiable matter of a whole rat is such that it 
can be conveniently measured in a dilution of 
about 100 ml., the presence of methylcholanthrene 
in the bodies of rats in the amount of 10 ug. should 
be detectable by inflections at 284 and 295 mu: 
and amounts of approximately 50 ug. should ap- 
pear as discernible peaks on the absorption curve. 
In the present work, inflections at 284 and 295 mu 
were taken as qualitative evidence for the presence 
of methylcholanthrene, with the recognition, of 
course, of the possibility that part or all of the ab- 


* Aided by grants from the National Cancer Institute, 
Public Health Service, and the American Cancer Society, rec- 
ommended by the Committee on Growth of the National 
Research Council. 
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sorption at these wave lengths may be due to 
metabolic products of methylcholanthrene. 
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Fic. 1.—Absorption curves produced by adding to a petro- 
leum ether solution of the unsaponifiable matter of a rat ecar- 
cass (curve A) 0.1, 0.2, and 0.5 wg. of 20-methyleholanthrene 
per milliliter of solution (curves B, C, and D, respectively). 


METHODS AND RESULTS 

Oral administration.—A._ female rat 24 hours 
post partum received 8 mg. of methylcholanthrene 
by stomach catheter in 1 ml. of olive oil, and this 
dose was repeated daily for 10 days. During this 
period a good deal of care was taken to prevent 
contamination of the suckling rats with the mater- 
nal feces. The possibility of the ingestion of mater- 
nal feces by rats 10 days of age seemed rather re- 
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mote, since at this age they show no interest in 
food other than maternal milk. To minimize such 
a possibility, however, the animals were kept on 
wide-mesh screen, and any feces which remained 
were removed on daily inspection of the cages. To 
avoid including any of the carcinogen which may 
have contaminated the skin of the young rats 
through possible contact with maternal feces, spe- 
cial care was taken, during skinning, to avoid con- 
tact of the skinned carcass with the fur. Twenty- 
four hours after the last administration, when the 
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Fig. 2.—Absorption curve of extract of unsaponifiable mat- 
ter of bodies of young whose mother received methylcholan- 
threne by oral instillation. Curve A, extract of young; curve 
B, extract of mother. 


young were 12 days old, the mother and her litter 
of ten were sacrificed. The mother was carefully 
skinned and the entire gastro-intestinal tract re- 
moved. The carcass was ground into 95 per cent 
alcohol and extracted continuously with alcohol 
for 8 hours. The extract was saponified by the ad- 
dition of sufficient potassium hydroxide to give a 
final 1-m solution followed by refluxing 2 hours. 
After cooling, the alkaline alcoholic solution, with- 
out the addition of water, was extracted directly 
with a single portion of petroleum ether. It was 
found that this procedure quantitatively recovered 


methylcholanthrene added to a rat carcass Dilu- 
tion of the alkaline solution with water or repeat- 
ed extraction of the solution with petroleum ether 
increased background absorption and is unneces- 
sary, since it was found that a single extraction 
with petroleum ether removes more than 90 per 
cent of the methylcholanthrene from a solution in 
90 per cent ethanol. 

The young were skinned, and gastro-intestinal 
tracts and skinned carcasses were separately 
pooled, extracted with alcohol, saponified, and ex- 
tracted with petroleum ether as described above. 

The curves in Figure 2 indicate that methyl- 
cholanthrene can indeed be excreted in the milk. 
The presence of inflections in the absorption 
curves at 284 and 295 mu of the extracts of the car- 
casses and intestinal tracts of the young is taken as 
definite evidence for the presence therein of the car- 
cinogen. By comparing this curve with those in 
Figure 1, we can make a rough estimation of the 
quantity of the carcinogen present, the total 
amount in carcasses and intestinal tracts of the 
whole litter being about 50 ug. 

Intravenous and intraperitoneal administration. 
—The absorption curve for the mother’s carcass 
(Fig. 2) showed that only extremely small quanti- 
ties of methylcholanthrene were being absorbed 
from the intestine, a finding which is in good agree- 
ment with the recent observations of Heidelberger 
and Jones (3) with radioactive 1,2,5,6-dibenzan- 
thracene. Since transfer of the carcinogen to the 
offspring by way of the milk was doubtless being 
limited by its absorption from the gastro-intestinal 
tract of the mother, it was anticipated that intra- 
venous or intraperitoneal administration of the 
carcinogen would raise the levels considerably and 
hence would increase its mammary excretion. This 
expectation was borne out as shown by the absorp- 
tion curves in Figure 3. For intravenous adminis- 
tration, an emulsion of the carcinogen was injected 
into the tail vein. The emulsion was prepared as fol- 
lows: a solution of 20 mg. of methylcholanthrene 
in about 3 ml. of acetone was added in small por- 
tions, with stirring, to a boiling solution of 50 mg. 
Emulsone B (a nontoxic emulsifying agent manu- 
factured by the Glyco Products Co.) in 10 ml. of 
water. The emulsion was then concentrated to 10 
ml., yielding a fairly stable nontoxic suspension 
with a final concentration of 2 mg. methylcholan- 
threne per milliliter. 

A female rat, nursing a litter of seven, was 
given 1 ml. of the emulsion intravenously on the 
tenth day post partum. Five hours later the mother 
and litter were sacrificed and separately extracted 
as described previously. The inflections at 284 and 
295 my on the absorption curves indicated the 
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presence of the carcinogen in the bodies of the 
young rats; the amount was roughly estimated at 
40 wg. In similar experiments after intraperitoneal 
injection of 8 mg. of the carcinogen in 1 ml. of 
olive oil, it was again demonstrable in the bodies 
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Fic. 3.—Absorption curves of extracts of bodies of young 
sacrificed 3 hours after administration of methylcholanthrene 
to the mother by intraperitoneal (curve A) and intravenous 
(curve B) injection. 


of the young; the amounts present ranged from 
about 30 ug., in those sacrificed 3 hours after injec- 
tion of the mother, to approximately 230 ug. in 
those sacrificed 24 hours after the injection. 

In two experiments, one after intravenous, the 
other after intraperitoneal injection, evidence was 
obtained for the presence of the carcinogen in the 
milk. In each experiment, 5 hours after injection 
of 2 mg. of methylcholanthrene in the mother, the 
young were sacrificed and the milk removed as a 
coagulated mass from the stomachs. After extrac- 
tion and saponification essentially as described for 
the other tissues, extracts of the unsaponifiable 
matter of the milk gave the curves shown in Figure 
4. The amounts of methylcholanthrene present 
therein are estimated to be of the order of 20—- 
30 ug. 

To test the possibility that the excreted materi- 
al was a degradation product rather than the in- 


tact hydrocarbon, an experiment was performed 
with radioactive methylcholanthrene. By isolating ° 
pure radioactive methylcholanthrene from the 
milk by the carrier technic, it was possible to es- 
tablish definitely that this carcinogen can be trans- 
ferred intact by way of the milk to the offspring. 
The radioactive 20-methylcholanthrene, labeled 
with C* in the 11-position, was obtained through 
the kindness of Dr. W. G. Dauben of the Depart- 
ment of Chemistry of the University of California. 
It had an activity of 100,000 counts/min/mg, 
which in our Q gas counter corresponded to a spe- 
cific activity of 280,000 counts/min/dish. 

A rat, 8 days post partum, received 5 mg. of the 
radioactive carcinogen by intraperitoneal injection 
in 2 ml. of olive oil. After 5 hours, during which 
time the young nursed freely, the entire litter of 
eight was sacrificed. Each one was carefully 
skinned, the stomachs opened, the milk contained 
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Fic. 4.—Absorption curves of extracts of milk taken from 
stomachs of young sacrificed 5 hours after administration of 
methylcholanthrene to the mother by intraperitoneal (curve 
A), and intravenous (curve B) injection. 


therein pooled, and the unsaponifiable matter ex- 
tracted as described above. This material, in an 
amount of 28 mg., gave an absorption curve simi- 
lar to Figure 4, corresponding to approximately 
5 pg. of hydrocarbon. When counted on a 7.5 sq. 
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em. dish ina flow counter, it had an activity of 39 
counts per minute above background. Po this ma- 
terial there was added 10 mg. of nonradioactive 
earrier methyleholanthrene, and the mixture erys- 
tallized from: aleohol. The specific activity, cor- 
rected for layer thickness, was 68 counts min 
dish. On a second erystallization from alcohol, the 
avelivily mereased to TL counts mins and on the 
third crystallization from acetone, the activity re: 
mained essentially constant at 68 counts min. By 
a similar procedure i was also possible to demon- 
strate the presence of the intact caremogen in the 
skinned careasses of the voung. On the basis of the 
specific activity of the original methyleholan- 
threne of 280,000 counts min dish, we ean ealeu- 
late that the milk contained 68 X 10,000) 280,- 
OOO = 2.5 xe. of the carcinogen. This value ts sim- 
ilar in magnitude to the value of 3 ag. obtained 
from ultraviolet absorption. This, of course, repre- 
sents only a minute fraction of the total quantity 
of 39 mg. administered, but the data evidently 
leave no further doubt coneerning the mammary 
excretion of methylcholanthrene. 

The mammary excretion of a polyevelic hydro- 
carbon such as methyleholanthrene is not surpris- 
Ing, In view of the generally well recognized excre- 
tion of other lipoids by this route. Phe fact has 
long been known that when pungent foodstuffs are 
eaten by a lactating mother, the essential oils 
which carry the flavors find their way into the 
milk. The mammary excretion of vitamin D (4), 
estrogens (5,6), and a host of drugs such as DDT 


Research 


(7), thiourea and thiouraeil (8), and sulfathiazole 
(9) have been reported, and there is no reason why 
such lipid-soluble substances as the caremogenie 
hydrocarbons should not behave similarly. 

The ecareinogenie activity of methyleholan- 
threne when administered in this fashion by way 
of the mother’s milk is now under further investi- 
gation. 
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The Editors are pleased to announce a change de- 
signed to improve the quality of illustrations. Starting 
with the January issue all half-tone illustrations (photo- 
micrographs and photographs) will be printed as plates 
al the end of each article. A high quality egg-shell type 
of paper will be used for the text to reduce glare and to 
improve readability. The plates will be heavy and 
glossy and will provide contributors with the best 
facilities for the reproduction of half-tones. While this 
change will be of interest to all readers, it will be es- 
pecially weleomed by those demanding the highest 
quality in the reproduction of photomicrographs. 

Authors are urged to use unusual care in the prepara- 
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tion of photographs, since better paper and a finer 
screen will accentuate poor features of bad pictures as 
well as the finer qualities of good ones. The reproduc- 
tion of half-tones is an expensive process. Only those 
photographs that are essential to the presentation and 
of the highest technical quality will be accepted. Photo- 
yraphs that duplicate one another or that illustrate well 
known features should not be submitted. 

These changes will necessitate certain minor changes 
in the preparation of manuscripts. Authors are urged to 
refer to the new “Information for Authors” on the inside 
of the back cover for these changes. 





The Editors are indebted to Dr. Erich Hirsehberg for 
the compilation of the index to Volume 10. Dr. Hirseh- 
berg, who was formerly on the staff at theMeArdle 
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board mount does not exceed 84 X 11 inches. 


INFORMATION FOR AUTHORS bere 


Each figure should include the appropriate 
number on a lower corner, and they should be . 
numbered consecutively starting with Figure 1. 
Legends for plate figures should be typed sep- 
arately in consecutive order on standard-sized 
paper with the heading “Legend for Figures.” 

Line cut illustrations (graphs and charts) 
are designated charts and are printed in the 
text. These should be numbered in consecutive 
order starting with Chart 1. Charts should 
be planned so as to eliminate waste space; they 
should be ruled off close to the area of the 
curves, and descriptive matter should not ex- 
tend beyond the curves. Charts should be so 
prepared that no letter or figure will be less 
than 2 mm. high after reduction to the size in 
which it will appear. Generally they will be 
reduced to fit either the one- (3-inch) or two- 
(6-inch) column width of the page. Original line 
drawings on high quality white drawing paper 
or board, blue tracing cloth, or coordinate paper 
printed in blue should be used. Typewritten 
charts are not desirable, as they permit but 
slight reduction. Only India ink should be 
used for drawing or lettering. One set is suffi- 
cient. Legends for each chart should be typed 
separately in consecutive order on standard- 
sized paper with the heading “Legend for 
Charts.” 

References should include, in order: au- 
thor, title, journal abbreviation (Quarterly 
Cumulative Index Medicus form), volume num- 
ber in arabic numerals, inclusive pages, and 
year. Book references should give: author, 
title, pages, edition number, city, publisher, 
and year. All references should be checked with 
the original publications and should be arranged 
in alphabetical order. Each number in the refer- 
ences is to refer to only one paper. References 
to unpublished work or personal communica- 
tions should appear in footnotes. The following 
examples illustrate the desired style: 

Woctom, W. H. Please! An Editorial. 
Cancer Research, 2:846—50, 1942. 

GREENSTEIN, J. P. Biochemistry of Cancer, 
pp. 5-20. Ist ed. New York: Academic Press, 
Inc., 1947. 

Changes in proof: Any but minor changes 
from the manuscript which are made in proof 
will be billed to the author. 

Reprints may be ordered before publica- 
tion, at cost, according to a schedule of prices 
accompanying the galley proof of the article. 

Manuscripts, reviews, and correspond- 
ence related to contributions should be ad- 
dressed to: Dr. Harotp P. Rusca, Editor, 
CANCER RESEARCH, McArdle Memorial 
Laboratory, University of Wisconsin, Madison 
6, Wisconsin. 


INFORMATION FOR SUBSCRIBERS 


All subscriptions and business inquiries 
should be addressed to the publishers, Tue 





Untversity or Cuicaco Press, 5750 Ellis 
Avenue, Chicago 37, Illinois. 
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Not only does the Autotechnicon relieve the laboratory 
staff of the tedious task of processing tissues “by hand,” 
% : but it also completes the chosen technique faster, more 
3 “2 thoroughly, more uniformly, more dependably. The Auto- 
| | technicon is versatile . . . it fixes, dehydrates, washes, 
stains ... delivers beautifully finished tissues ready for 

diagnosis. 


And because it needs no human intervention, it knows no 
jnichiks iiinithien working day.” To-day's tissues, processed overnight 


the “Autotechnicon is by your own technique, will be waiting for you in the 
avoilable on request. mornin g. 
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automatic tissue processing 
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THE TECHNICON COMPANY 
215 EAST 149th STREET e©e NEW YORK 51, N.Y. 








